I^H' 

j|ipBBaH 

I^H^I 

■■■■■■■■■■■■pi^Hkpi^B 

■ 

||L_ 

^^^^^^^^^^^^^^Bjl     "£^^^^^^!,„,.^^V 

^ 

mi 

THE    TEXTILE    INDUSTRIES 


HAND-TUFTED   IRISH   CARPET 
(Liberty  &  Co.,   Ltd.) 


Digitized  by  the  Internet  Archive 

in  2010  with  funding  from 

Boston  Library  Consortium  Member  Libraries 


http://www.archive.org/details/textileindustrie07murp 


TEXTILE 

to  FI'B'R^S ■  TATiD\(S&'FA'BTilCS 

hie\^ery  hrancJi  ■  of -Textile  -CMan  ufacture 

tncludina  T* reparation  ■  ofFibTc^ 
Spinninq  •  IDoubliiiq  ■'Desiqnina 
H'c a  ^)iit q  -  ^leachin a  -^rt ntin a 

'BY  IVILLL43VI  S.  DVIUT(PHT 

ylssistedby  ■  Lea dino- experts 
in-T'extile  ■leck'ytoloqy 


FOLUOdS    VII 


iheG[T^srta?n  •rublishin-a  ■  CompaT^y 
^4  artJ 35- Soutkampto-n- Street  •  Strand 


mcMxi 


CONTENTS 


VOLUME   VII 


Part  VI  {con^i?med). —CARl'ET   MANUFACTURE 

Page 
Chapter  V.  Tapestry  Carpets   ._-----.    i 

Tapestry  and  Velvet-pile  Tapestry  Carpets— Tapestry  Carpet  Design — 
Pile  Warp  —  Printing-  Drum  —  Indices  —  Drum  Filling — Colour  Box  and 
Scroll  Pulley — Printing  Appliances — Scale  Board — Design  Board — Scrap- 
ing— Stripping — Steaming — Washing,  Drying,  Winding — Setting — Tapes- 
try-carpet Loom — Wire  Motions — Weaving  the  Tapestry  Carpet — Putting 
Weight  into  the  Tapestry  Carpet — Velvet-pile  Tapestry. 

Chapter  VI.  Double-cloth  Carpets     -        -        -        -        -        -       17 

Double-cloth  Carpets — Present-day  Practice — Structure:  i.  Two-ply  in 
Warp  and  Weft ;  2,  Two-ply  Warp  and  Weft ;  3,  Three-ply  Warp  and 
Two-ply  Weft;  4,  Three  Warps  and  Three  Wefts;  5,  Roman  Carpets; 
6,  Plain  Ground  and  Weft  Pattern  —  Design — The  Loom — Jacquards — 
Large  Jacquards  with  Full  Mountings  and  Cross  Borders  —  Picking — 
Textile  Character  of  Carpet  Weaving. 


Part  VII.— HOSIERY   AND    LACE 

Chapter  I.   Historical 25 

Origin  of  the  Art  of  Knitting — Birth  of  an  Industry — Rev.  William  Lee, 
M.A. — Hand  Knitting — Lee's  Knitting  Machine — Aston 's  Fixed  Sinkers — 
Improving  the  Knitting  Frame— Tuck  Presser — Derby  Rib  Machines — 
Jedediah  Strutt — Modifications  of  the  Hosiery  Frame — Lace  on  Hosiery 
Machines  —  Twilled  Hosiery — Plated  Goods  —  The  Hand  Frame  and  its 
Parts  —  Needles  —  Sinkers  —  Jacks  —  Slur  Cock  —  Locker  and  Bar — Presser 
Bar — Treadles — Special  Appliances — Operations  of  the  Handicraft  Stocking 
Weaver — Home  Work  and  Factory — Domestic  Knitting  Machines:  The 
Welt  and  Leg,  To  Narrow  the  Calf,  Heel,  To  Narrow  the  Gore  or  Gusset, 
The  Toe,  To  Make  the  Elastic  Welt  i  and  i  for  Stockings  and  Socks,  To 
Hang  in  the  Welt  i  and  i. 


vi  CONTENTS 

Page 

Chapter  II.  Power  Frames  ........      ^^ 

Application  of  Power  to  Hosiery  Machinery — Tarratt's  Warp  Frame — 
Dawson's  Wheels — Rotary  Machines — Paget's  Frames — Introduction  of 
the  Jacquard  on  Rotary  Frames — Cotton's  Inventions — Rotary  Rib-top 
Frame — Subsequent  Improvements  on  the  Rotary — Single-needle  Machine 
— Flat-web  Knitter — Double  Rotary  Knitting  Frames — Brunei's  Circular 
Knitting  Machine — A  Practical  Example  of  the  Circular  Knitting  Machine 
—  Peter  Claussen  —  Other  Inventors  of  Improvements  on  the  Circular 
Knitter — Modern  Circular  Rib-top  Frames — Practical  Work  on  the  Cir- 
cular Hosiery  Frames  —  Adjustable  Circular  Knitters  —  An  American 
Knitter  —  The  "  Terrot "  Circular  Knitter — Patterns  on  the  "Terrot" 
Frame — Tucking — Fancy  Fabrics  on  the  "Terrot"  Frames — The  "XL" 
Automatic  Rib  Knitting  Machine. 

Chapter  III.  Hosiery  Yarns  and  Fabrics 70 

Hosiery  Yarns — Silks — Cottons — Woollens — Worsteds — Mohair — Ramie — 
Mixed  Yarns — Gauges  and  Counts  of  Yarns — Calculations  for  Looped 
Fabrics — Knitted  Goods:  Seven  Varieties — Finishing  Hosiery — Inspecting 
and  Darning  —  Cutting  —  Seaming —  Linking  —  Embroidery  —  Washing — 
Drying  and  Pressing — Another  Finishing  System. 

Chapter  IV.  Hand-made  Lace       -        -        -        --        -        -80 

Lace — Kinds  of  Hand-made  Lace — Pillow  Laces — European  Centres  of 
Pillow-lace  Manufacture  —  British  Lace  Trade — Hand-made  Lace  in 
Commerce. 

Chapter  V.  Machine  Lace    --------85 

Machine  Lace — Kinds  of  Machine  Lace :  Bobbin  Net,  Curtain  Lace,  Imita- 
tion Guipure,  Pillow  Lace — Lace  Making  on  the  Stocking  Frame — Warp 
Lace  Frames  —  Improvements  on  the  Warp  Frames  —  Robert  Brown's 
Fishing-net  Machine — John  Heathcoat  —  The  Bobbin-net  Loom  —  Point 
Bars  —  Production  of  Heathcoat's  Invention  —  Rivals  and  Improvers  — 
Morley's  Straight  Bolt — Levers's  Loom — Application  of  the  Jacquard — 
Later  Developments. 

Chapter  VI.  The  Lace  Loom         -___-_-     104 

Parts  of  the  Lace  Loom — Warp  Guides — Bobbin  and  Carriage — Comb 
Bars — Driving  Bars — Lockers — Points  Bars — Method  of  Working  the 
Double-tier  Circular  Loom — Standards  and  Sizes — Bobbin  Winding — The 
Levers  Loom — Warp  Arrangements — Perforated  Bars — The  Lace  Jacquard 
— The  Wonderful  Loom — "  Gothro  "  Lace  Looms — Plain  Net  Machines — 
Starting  a  Lace  Machine  Properly:  Cleaning  the  Combs,  The  Use  of  Black 
Lead,  Abuse  of  Black  Lead,  Management  of  New  Bobbins — Curtain-lace 
Weaving. 

Chapter  VII.  The  Finishing  of  Lace  -        -        -        -        -        -115 

Finishing  Lace — Viewing  and  Darning — Bleaching — Gassing  or  Singeing 
— Softening — Boiling — Chemicking — Souring — Washing — Drying — Starch- 
ing—  Stentering — Spraying —  Calendering — Warehouse  Finishing — Spot- 
ting, Flowering,  and  other  Embroidery — Drawing — Organizing  the  Lace 
Warehouse. 


CONTENTS  vii 


Part  VIII. —FINISHING   PROCESSES 

Page 
Chapter  I.  Factory  Finishing 125 

Cloth  Defects — Factory  Finishing^ — Inspecting^  or  Viewing  —  Burling' — 
Darning — Cropping  of  Carpets — Brushing — Cropping  Machines — Cleaning 
— Binding — Cutting  Velveteens,  Corduroys,  &c. — Cutting  Frames — Cutting 
Knife — Cutting  by  Hand — Machine  Cutting' — Finishing-  Processes. 

Chapter  II.  The  General  Theory  of  Bleaching    -    -    -  131 

Bleaching — General  Theory  of  Bleaching — Dutch  Bleach — Discovery  of 
Chlorine — Invention  of  Bleaching  Powder — Action  of  Bleaching  Powder — 
Animal  and  V^egetable  Fibres. 

Chapter  III.  Bleaching  Process 134 

Cotton  Bleaching:  Market  Bleach,  Market  Bleach  (for  Headings),  Madder 
Bleach,  Dark  Goods  Bleach — Water — Testing  Water — Soap  Test — Soften- 
ing Hard  Waters  —  Criton  Water  Softener — Buildings  and  Machines  — 
Stitching — Singeing  or  Gassing — Grey  Wash  — Bowking  or  Bucking  or 
Lime  Boiling — Low-pressure  Kier — High-pressure  Kiers — Grey  Souring — 
Bowking  with  Soda  Ash  and  Resin  Paste — Soda-ash  Boil — Chlorinating  or 
Chemicking — Souring — Drying  —  Various  Bleaches  —  Bleaching  Cotton 
Threads — Improved  Processes — Mather-Thomson  Process — Linen  Bleach- 
ing— Irish  Linen  Bleaching — Factory  System — Silk  Bleaching — Classes  of 
Silks — Bomb)'x  Mori,  or  Ordinary  Silks — Boiled-off  Silk — Stripping — Strip- 
ping at  One  Operation — Repeated  Strippings — Stripping  Weighted  Silks — 
Brierley's  Patent — Boiling-off — Souple  Silks:  Scouring,  Bleaching,  Sul- 
phuring, Soupling  or  Softening — Ecru  Silk — Water — Soaps— Waste  Liquors 
— Soap  Recovery — Silk-bleaching  Methods — Sulphuring — Treatment  by  Per- 
oxide of  Hydrogen — Combination  of  Sulphuring  and  Peroxide  of  Hydrogen 
Treatment — Tinting — Treatment  with  Alkaline  Bisulphites — Boiling-off  and 
Bleaching  Tusseh  and  other  Wild  Silks:  Hydrochloric  Acid  Treatment, 
Washing,  Boiling  in  Soap,  Washing,  Hypochlorite  of  Ammonia  Bath, 
Hydrochloric  Bath,  Washing,  Bleaching  with  Peroxide  of  Hydrogen — 
A  Simpler  Process — Bleaching  Wool  Cloths — Scouring — Bleaching — Stoving 
— Liquid  Sulphuring — Bleaching  with  Sodium  Peroxide — Yarn  Bleaching. 

Chapter  IV.  Mercerizing      .----..-     166 

Mercerizing — John  Mercer — Mercer's  Specification — Revival  of  Merceriza- 
tion — Depoully's  Patents  —  Crimping — Lustring  — Lowe's  First  Patent  — 
Lowe's  Second  Patent,  4452,  1890 — Chemical  Theory  of  Mercerization — 
Cellulose — Effects  of  Mercerizing — Yarn  Tests — Tests  on  Gain  of  Strength 
— Shrinkage  of  Cloths — Practical  Mercerizing:  Bleaching,  Mercerizing-, 
Rinsing  or  Washing,  Souring,  Washing  and  Drying — Imitating  Silk 
Scroop — Machines  and  Methods — Hank-mercerizing  Machines — A  Circular 
Machine — Yarn  Mercerizer — Warp-mercerizers — Cloth-mercerizing  Plants 
— A  Mercerizing  Range — Smaller  Mercerizing  Machines — Finishing. 


LIST   OF    PLATES 

VOLUME   VII 

Page 

Hand-tufted  Irish  Carpet  {coloured)      ~         .        -        ~       Frontispiece 

"Cumberland"   Carpet:    Three-ply  Wool  Warp   and   Two-ply 

Linen  Weft  [coloured) -i8 

Scotch  Carpet  Loom,  weaving  "Caledon"  Carpets-         -         -       22 

Brussels  Lace  Handkerchief        -        -        -        --        -        -80 

Venetian  Rose  Point  Lace ---82 

Irish  Needle  Point  Lace       __--__--       84 

Brass  Bobbin-winding  Engine;   Automatic  Carriage  Threader-     108 

Patent  Automatic  Power  Bobbin-pressing  Machine   -         -         -     no 

Lace  Loom,  with  Jacquard   -         -         -,-         -         -         -         -112 

Gassing  Machine;   Starching  Mangle-        -        -        -        -        -     116 

Combined  Starching  and  Drying  Machine  -        -        -        -        -     118 

Lace  Embroidery  {coloured)   -         -         -         -         -         -         -         -122 

Carpet  Cropping  Machine 126 

Cutting  Velveteen  by  Hand         -        --        -        -        -        -128 

Velveteen  in  Different  Stages  of  Manufacture        -        -        -     130 


r3.rt     V  1     {Continued) 

Carpet     Manufacture 

CHAPTER   V 
Tapestry  Carpets 

Tapestry  and  Velvet-pile  Tapestry  Carpets.  —  In  structure  the 
tapestry  carpet  is  a  pure  plush;  the  velvet-pile  is  nothing  less  than 
a  heavy  worsted  velvet.  To  add  weight,  extra  warps  are  put  in, 
and  the  ground  warp  partakes  more  of  the  character  of  a  binder  than 
the  ground  of  velvet;  but  the  weave  is  a  plush  weave  of  the  plainest 
and  simplest  kind.  The  tapestry  carpet  with  which  we  are  familiar, 
however,  has  developed  peculiarities  which  impose  on  both  weaver  and 
designer  other  tasks  than  the  simple  construction.  If  woven  plain, 
grey,  or  white,  or  any  single  colour,  the  carpet  would  not  satisfy 
the  idea  inspiring  its  use — it  would  not  appear  like  a  Brussels,  which 
is,  unhappily,  the  main  object  of  its  existence.  When  woven  plain, 
the  carpet  is  printed;  but  that  was  not  the  method  of  the  inventor 
of  the  tapestry  carpet.  Mr.  Whyttock  invented  what  was  actually 
an  imitation  Brussels  carpet.  Instead  of  having  one  frame  for  each 
colour  of  the  pattern,  and  a  carpet,  therefore,  so  many  pile  warps 
thick,  he  printed  a  single  pile  warp  according  to  his  pattern.  Warp 
printing  is  both  costly  and  somewhat  unsatisfactory,  and  others, 
following,  have  devised  other  methods.  We  do  not  admit  that 
those  methods  have  been  successful;  but  all  the  classes  made  require 
to  be  noted.     They  are: — 

I.    Weaving  the  pile  warp  grey,   and  bleaching  and  printing  the 

pattern  upon  the  completed  carpet.     We  shall  examine  the  methods 

of  textile  printing  in  our  section  on  finishing. 
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2.  Weaving  the  carpet  one  colour,  intended  for  the  ground,  and 
printing  the  figures  on  the  surface. 

3.  Weaving  the  carpet  grey,  dyeing  the  ground  colour,  and  printing 
the  pattern. 

4.  Printing  the  pile-warp  threads,  according  to  pattern,  making 
each  point  of  colour  the  length  required  for  the  looping  up  of  the 
pile  warp. 

The  last-mentioned,  which  is  Whyttock's  invention,  is  the  only 
method  which  has  produced  a  carpet  of  standing  quality.  Even  when 
new,  the  printed  carpets  are  apt  to  show  their  character,  the  printing 
covering  only  the  tips  of  the  pile  loops.     After  a  short  time  of  wear, 

the  pattern  tends  to  disappear 

entirely. 
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Fig.  485.— Design  of  Tapestry  Carpet 


Fig.  486.  — Design  of  Tapestry  Carpet.     The 
pattern  as  it  is  to  appear  on  finished  carpet 


Tapestry  Carpet  Design. — So  far  as  pattern  goes,  the  designer 
of  tapestry  carpets  has  an  unlimited  choice.  The  weaving  imposes 
no  restriction,  because  the  weaving  has  absolutely  nothing  to  do  with 
the  formation  of  the  pattern.  The  only  restrictions  are  those  of  taste, 
and  the  fact,  common  to  all  carpets,  that  the  smallest  point  of  colour 
possible  is  the  size  of  the  square  of  the  thickness  of  the  worsted 
used  for  pile  warp.  The  design  can  be  reproduced  in  the  carpet 
with  perfect  fidelity.  Another  point  in  favour  of  the  designer  of 
this  class  of  carpet  is  the  width  to  which  they  may  be  woven.  A 
high-class  tapestry  carpet,  measuring  12  ft.  broad  by  18  ft.  long, 
is  seamless,  and  woven  all  at  once  on  the  loom.  There  are  some 
squares  even  larger.  A  complete  design,  including  corners,  borders, 
and  the  rest,   may  be  drawn  out  in  full. 
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Having  been  drawn  and  coloured,  the  design  is  first  put  upon 
point  paper,  squared  according  to  the  fineness  of  the  carpet  (figs.  485 
and  486).  It  may  be  9  points  by  7  or  6  by  8  per  inch,  according 
to  the  number  of  wires  or  loops  it  is  designed  to  contain.  Very  fine 
carpets  are  woven  9  points  per  inch, 
but  the  average  quality  is  8  points, 
and  coarse  rugs  are  woven  6  points 
or  more.  Thus  made  suitable  for  the 
worker,  the  design  is  taken  in  hand 
for  further  operations. 

The  warp  carries  the  whole  pat- 
tern, and  the  different  colours  of  the 
design  are  printed  on  the  threads  of 
warp.  The  design,  therefore,  must 
be  read  lengthwise.  Each  square  of 
the  pointed  paper  represents  a  loop 
of  the  pile  warp. 

The  problem  of  printing  the  warp 
threads  with  exactly  that  length  of 
colour  required  by  each  loop,  and  the 
changing  of  these  colours,  was  solved 
ingeniously.  The  length  of  yarn  con- 
sumed in  I  in.  of  carpet  was  deter- 
mined; this  length  divided  up  into  as 
many  parts  as  there  are  loops  in  the 
inch  gives  exactly  the  length  of  warp 
pile  required  for  each  loop  (figs.  487 
and  488).  The  tools  of  the  printer  are 
adjusted  to  the  sizes  so  fixed.  For  a 
carpet  of  9  points  to  the  inch,  it  takes 
3  in.  of  pile  warp  for  every  inch ; 
therefore  the  pile  warp  is  printed  in 
sections  of  J  in. 

We  see  then  that  the  onus  of 
making  pattern  rests  upon  those  Avho  print  the  pile  Avarp  and  prepare 
it  for  the  loom.  This  is  a  change  from  ordinary  weaving,  and 
demands  special  attention.  No  study  of  weaving,  by  itself,  would 
enable  anyone  to  manufacture  tapestry  carpets. 

Pile    Warp. — As    may    be    inferred,    the    chief   cost   of   producing 
tapestry  carpets  is  incurred    in    preparing   the  pile   warp.      To   make 


Fig.  487. — Design  in  fig.  485,  elongated  for 
Loop  Pile 
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a  good  class  of  carpet,  a  four-ply  worsted  of  12  s  count,  made  from 
coarse  East  India  wool,  may  be  used.  Carpet  manufacturers,  as  a 
rule,  buy  in  their  yarns.  When  the  worsted  comes  from  the  spinner 
it  is  greasy,  grey,  and  raw.  As  purity  of  colour  in  the  printing  is 
important,  the  wool  is  first  scoured  or  bleached  thoroughly,  then 
washed  and  dried.  Wound  into  hanks,  the  yarn  is  taken  into  the 
printing  room. 

Printing  Drum. — If  all  the  threads  in  a  given  pattern  are  coloured 
in  varying  proportions,  it  follows  that  each  thread  must  be  separately 


I 


I     I 


tig.  488 

A,  Elongated  drawing  of  the  design  in  lig.  486,  each  division  representing  one  loop.     B,  Drawing  for  one  thread  of 
yarn,     c.  The  model  for  separate  strips  of  the  pattern,  each  forming  the  model  for  the  dyeing  of  a  drum  of  yarn. 


printed.  In  fact,  one  square  in  the  design  represents  a  printing.  If 
the  whole  carpet  is  one  pattern  or  design,  and  it  contains  600  pile-warp 
ends,  then  we  must  have  600  printings  on  the  width,  and  as  many 
printings  as  the  depth  may  require.  It  is  not  so  difficult  to  arrange 
the  latter  because  of  the  arrangements  of  the  printing  apparatus. 

A  printing  drum  (fig.  489)  is  a  large  roller  the  skin  of  which,  either 
wood  or  tin,  is  upheld  by  an  internal  framing  of  iron.  An  external 
framing  supports  the  drum  and  its  auxiliary  mechanisms.  A  shaft  in 
the  centre  supports  the  drum.  Upon  the  shaft  is  a  pinion  which  gears 
into  a  toothed  driving  wheel.  The  power  for  driving  this  wheel  is 
transmitted  in  the  ordinary  way  by  a  shaft  and  fast-and-loose  pulleys. 

Drums  are  of  various  sizes,  and  measured  by  the  number  of  scrolls^ 
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or  lines  of  colour,  they  will  carry.  The  sizes  most  in  use  are  216, 
324,  432,  648,  864,  and  1072  scrolls.  Expressed  in  common  terms, 
we  should  say  that  the  drums  were  6,  9,  12,  18,  24,  and  30  ft.  in  cir- 
cumference. Drums 
also  vary  in  breadth, 
the  broadest  being 
capable  of  carrying 
1200  threads,  and  the 
narrowest  about  700, 
lying  closely  side  by 
side.  The  common 
width  is  about  2^  ft. 

Indices.  —  Round 
the  outer  rim  of  the 
drum,  and  joined  to 
the  frame,  is  a  double 
band  of  copper;  upon 
the  edge  of  each  band 
teeth  are  cut,  the  outer 
row  of  teeth  being 
thicker  than  the  inner 
ones  by  one-third.  If 
the  inner  row  of  teeth 
number  648,  there  will 
be  432  of  the  outer 
row.  The  teeth  are 
numbered  consecu- 
tively, the  mdtces,  as 
they  are  called,  being 
stamped  into  the  cop- 
per under  the  teeth. 

In  close  touch  with 
both  toothed  rims  sits 
a  little  pawl,  with 
which  the  operator  can  stop  the  drum.  As  each  tooth  is  the  size  of 
the  scroll  being  printed,  the  circumference  of  the  drum,  and  the  yarn 
wound  upon  it,  can  be  exactly  divided  up  into  the  required  number. 
If  we  desire  to  double  the  length  of  the  loop  yarn,  it  is  only  necessary 
to  take  alternate  numbers  of  the  teeth.  Considerable  variation  may 
thus  be  simply  wrought. 


Fig.  489. — Printing  Drum  tor  Tapestry  Carpet.  Tin  drum  covered  with 
yarn,  showing  part  of  the  first  strip  of  the  pattern  dyed.  The  arrows  show 
where  the  repeats  begin. 
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Drum  Filling. — When  filled,  the  drum  is  covered  by  a  layer  of 
single  threads.  A  set  of  six  bobbins  containing  the  clean  pile  warp 
yarn  has  been  placed  upon  a  small  creel  at  the  side  of  the  drum,  in 
direct  line  with  the  circumference.  Across  the  side  of  the  drum,  from 
front  to  back,  a  shaft  is  geared,  the  end  of  it  a  worm  thread  which 
runs  into  a  small  toothed  wheel  connected  with  the  indicator  of  the 
drum.  From  this  shaft  six  guides  with  earthenware  eyes  project, 
and  move  across  the  space  that  separates  them,  under  the  control  of 
the  worm  shaft.  From  the  six  bobbins  the  threads  are  led  on  to  the 
drum,  through  the  eyes  of  the  guides.  To  give  the  yarn  a  start  on 
the  smooth  sides  of  the  drum,  a  triple  thread  of  worsted  is  bound 
over  the  drum,  and  to  this  band  the  ends  of  the  six  yarns  are  fastened 
at  equal  distances  from  each  other,  and  covering  the  whole  width  of 
the  drum.  It  should  be  premised,  however,  that  a  covering  of  oiled 
paper  has  been  carefully  fastened  to  the  drum,  so  that  the  colour 
printed  on  the  yarns  may  not  mark  the  drum,  and  make  it  dirty. 

When  all  is  in  readiness,  the  drive  is  put  on,  and  the  winding 
begun.  As  each  round  of  thread  is  laid  on,  the  guides  simultaneously 
move  to  one  side,  and  the  next  round  is  laid  upon  the  bare  drum.  So 
the  operation  continues  till  the  whole  drum  is  covered. 

To  fill  a  drum  of  ordinary  size  we  require  1176  threads,  which 
means  that  the  drum  revolves  196  times.  The  indicator  mentioned 
tells  what  number  of  rounds  have  been  covered,  but  it  may  happen 
that  we  require  fewer  threads.  In  that  case  fewer  bobbins  are  put 
on,  and  the  drum  left  bare  for  the  given  space.  Again,  a  shorter 
length  of  thread  may  be  required;  in  that  case  the  number  of  revolu- 
tions of  the  drum  is  reduced  in  due  proportion. 

When  the  drum  is  filled,  the  operator  ties  the  threads  in  the 
divisions  already  determined  on.  A  full  drum  is  divided  up  into 
hanks  containing  196  threads  each. 

Colour  Box  and  Scroll  Pulley. — As  soon  as  the  fillers  have  done 
their  work,  the  colourists  and  printers  come  on  the  scene.  The  colours 
used  are  of  a  firm  consistency,  yet  liquid  enough  to  penetrate  the  yarns 
when  printed.  Dry  colours  made  up  with  flour  and  water  are  commonly 
employed.  The  work  of  the  colourist  is  a  special  branch  of  the  trade, 
requiring  a  fine  sense  of  colour  and  rigorous  training.  He  prepares 
a  separate  trough  of  colour  for  every  colour  in  the  carpet.  These 
troughs  are  shallow  flat  dishes,  with  a  nick  in  each  side  for  the 
colour  roller  to  rest  and  revolve  upon  (fig.  490).  As  we  have  hinted, 
the  scroll   pulleys  or  rollers  are  of  difl"erent  widths,  some  measuring 
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I  in.,  and  others  nearly  -^  in.  in  width.  They  are  covered  with  felt 
to  take  on  the  colour,  and  revolve  inside  the  colour  box.  A  boy 
assistant  keeps  the  colour  boxes  filled  from  the  receptacles  containing 
the  bulk  of  the  colour  which  has  been  prepared. 

Printing  Appliances. — The  colour  box,  containing  the  roller,  is 
laid  upon  a  carriage  running  on  rails  across  the  width  of  the  drum, 
at  the  bottom  of  the  drum  frame.  When  placed  in  the  carriage  the 
colour  roller  is  supported  by  two  spring  levers,  imparting  to  it  an 
elastic  motion.  On  one  end  of  the  colour-roller  spindle  a  small 
pulley  is  fitted,  and  round  the  pulley  a  rope  running  from  pins  in 
the  frame  is  wound  twice;  when  the  carriage  runs  to  and  fro,  the 
winding  and  unwinding  of  this  rope  cause  the  colour  roller  to  revolve 
in  the  colour,  keeping  the 
supply  of  pigment  fresh. 

Very  ingenious  are 
the  mechanisms  by  which 
the  carriage  is  drawn  to 
and  from  the  front  to  the 

back      of      the      drum,       the  Fig.  49o.-Dyc  Trough  and  Roller 

colour     roller,     or    scroll 

pulley,  imprinting  a  scroll  of  colour  on  the  yarn  wound  on  the  drum 
periphery.  A  hook  on  each  end  of  the  carriage  holds  the  looped  end 
of  a  rope,  the  rope  running  round  a  pulley.  On  the  hub  of  the  pulley 
a  small  toothed  pinion  protrudes,  and  into  this  pinion  the  teeth  of  a 
wheel  segment  on  the  end  of  a  long,  cranked  lever  are  geared.  The 
crank  arm  of  the  lever  is  driven  by  a  toothed  wheel  which  ultimately 
derives  its  power  from  the  main  shaft  of  the  mill. 

The  whole  gearing  is  easily  thrown  off  and  on.  When  set  going, 
the  spur  wheel  causes  the  crank  to  move  up  and  down,  the  toothed 
segment  working  into  the  pinion  on  the  rope  pulley,  and  turning  it 
round  alternately  this  way  and  that  way,  with  the  result  that  the  rope 
draws  the  carriage  to  and  fro  under  the  drum,  printing  the  yarn 
through  the  agency  of  the  scroll  pulley.  At  the  end  of  every  traverse 
there  is  a  pause,  which  gives  the  printer  time  to  change  the  ratchet 
pin  from  one  tooth  of  the  index  to  another. 

Scale  Board. — It  will  be  seen  from  the  appliances  upon  the  printing 
drum  that  the  work  proceeds  upon  a  system,  the  instruments  of  which 
have  yet  to  be  examined.  The  first  to  be  noted  is  the  scale  board. 
As  this  board  is  the  measure  of  the  design,  it  may  be  of  different 
sizes.     The  size   is  conditioned   by  the  number  of  teeth  m  the  index, 
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the  number  of  points  to  the  inch  in  the  pattern,  and  the  number  of 
repeats  of  the  design  in  the  length  of  the  yarn  on  the  drum.  A 
quarter  hoard  is  one  for  a  printing  in  which  the  design  is  four  times 
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Fig.  491. — Scale  Board  and  Printer's  Board 

repeated ;  a  /za^  board  contains  two  repeats  of  the  design  or  pattern. 
The  total  number  of  scrolls,  or  index  numbers,  is  divided  into  two 
or  four,  as  the  case  may  be.  Say  that  we  are  working  with  a  quarter 
board  on  a  drum  capable  of  printing  648  scrolls;  then  the  first  line 
is  162  numbers  long,  the  second  begins  at  163  and  ends  at  324,  the 
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third  row  begins  with  325  and  ends  with  486,  and  the  fourth  row 
begins  at  487  and  extends  to  648.  All  of  the  four  numbers  on  one 
horizontal  line  are  to  be  printed  in  one  colour.  For  instance,  No.  i 
is  yellow;  then  the  printer,  after  having  caused  the  scroll  to  traverse 
the  drum  and  print  for  No. 
I,  must  set  the  scotcher,  or 
small  ratchet,  into  the  tooth 
of  the  rim  numbered  163;  it 
stops  the  drum  just  at  the 
point  where  the  scroll  will 
run  across  the  yarn  at  the 
proper  spot;  he  then  brings 
back  the  colour  roller  and 
imprints  another  yellow  line 
or  scroll.  The  same  action 
is  repeated  as  often  as  neces- 
sary. 

Design  Board.  —  The 
printer  cannot  choose  his 
colours  at  random.  Per- 
haps the  line  numbered  163 
should  not  be  yellow  at  all ; 
at  least  we  have  no  warrant 
for  supposing  it  should  be 
so,  and  on  other  occasions 
that  number  may  stand  for 
red  or  blue.  The  natural 
guide  for  colouring  is  the 
design  itself.  The  design  is 
divided  up  into  parts  easily 
handled,  numbered  along 
the  top  and  the  right-hand 
side,    pasted    down    upon    a 

board,  and  varnished.  The  top  numbers  indicate  the  numbers  of  the 
pile-warp  threads,  and  the  side  numbers  the  wires,  or  loops,  of  the 
design. 

Now,  taking  the  scale  board  and  placing  it  against  any  line  on 
the  design  board,  the  printer  can  tell  with  absolute  certainty  the 
colour  of  each  scroll.  For  instance.  No.  i  of  the  design  is  yellowy 
that  is  the  colour  of  the  first  loop  of  the  design;    but  the  design   is 


Fig.  492. — Scale  and  Design  Board  Combined 
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repeated  four  times  in  the  round  of  the  drum;  therefore  the  same 
colour  must  be  painted  on  the  163rd,  325th,  and  487th  loops  on  the 
drum.  Take  the  eighth  loop;  it  is  blue;  then  the  blue  loops  are 
8,    170*  332,  and  494. 

These  colours  may  also  be  repeated  in  other  loops.  The  printer 
must  carefully  note  how  many  blue,  yellow,  or  other  coloured  loops 
there  are  in  the  division  of  the  design  and  on  the  line  of  warp  with 
which  he  is  dealing,  and  print  accordingly.  Loops  8,  9,  10,  24,  25, 
28,  29,  54,  and  so  on  may  be  all  of  one  colour.  The  printer  sets 
the  scotcher  to  each  index  number  and  makes  the  scroll  inscribe 
each  line. 

The  reader  must  observe  that  we  do  not  pass  from  one  longitudinal 
line  to  another.  Every  longitudinal  line  represents  a  different  pile- 
warp  thread,  and  must  be  printed  upon  a  separate  drum.  That  is 
why  the  scale  board  is  laid  close  to  the  line.  The  top  numbers  in 
this  view  represent  numbers  of  drums.  Thus,  though  No.  i  on  the 
eighth  drum  does  not  represent  No.  i  of  the  whole  pattern,  it  repre- 
sents No.    I  loop  of  the  eighth  pile-warp  thread. 

The  system  is  complete,  definite,  clear,  and  automatic.  Professor 
F.  Bradbury  summarizes  the  operation  in  another  way.     He  says: — 

''Assuming  that  the  size  of  the  drum  is  equal  to  648  scrolls,  and 
also  that  one  repeat  of  the  design  to  be  printed  contains  216  pile 
threads  and  324  wires  and  scrolls,  then  the  design  is  cut  into  six 
longitudinal  divisions  which  are  each  equal  to  36  threads  of  pile. 
The  sections  are  pasted  upon  separate  boards  of  similar  size,  varnished 
over,  and  called  the  design  or  printing  boards.  These  sectional  boards 
are  for  convenience  in  handling,  and  so  as  to  enable  different  pile 
yarns  belonging  to  the  same  carpet  to  be  printed  simultaneously,  but 
on  separate  drums  of  the  same  size,  and  by  different  printers.  Each 
printer  has  one  board  and  follows  two  drums,  and  to  avoid  any  loss 
of  time  he  prints  on  one  while  the  other  is  being  scraped,  stripped, 
and  refilled.  It  is  only  possible  to  print  one  thread  of  pile  at  a  time; 
consequently  each  thread  requires  a  separate  drum,  and  each  board 
will  therefore  represent  36  drums,  or  each  drum  must  be  filled  18  times, 
so  that  when  the  printer  has  finished  his  board  he  has  only  printed 
36  threads,  or  one-sixth  of  the  whole  design ;  he  has,  however,  printed 
a  considerable  number  of  repeats  of  pattern  on  each  thread,  which 
may  be  p re-determined  by  the  size  and  proportion  of  the  drum  filled, 
as  may  also  the  length  of  carpet  which  this  thread  will  subsequently 
run  through. 
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**Then,  as  in  the  foregoing  example  there  are  648  scrolls  to  324 
wires,  the  design  will  repeat  twice  to  each  revolution  of  the  drum. 
In  order  to  make  this  section  thoroughly  clear  or  manifest,  let  it  be 
assumed  that  the  yarn  is  wound  from  six  bobbins  on  to  a  printing 
drum  of  648  scrolls,  and  that  the  drum  makes  192  revolutions  in 
filling.  If  the  carpet  has  to  contain  7  points  or  wires  per  inch,  what 
length  of  carpet  would  this  thread  be  equal  to,  and  how  many  repeats 
of  the  pattern  would  the  thread  contain,  assuming  that  one  repeat  of 
the  design  contains  324  wires? 

'*  I.  Then  since  each  scroll  represents  i  loop  or  wire,  648  scrolls 
equal  one  revolution,  and  648  x  192  equals  the  total  number  of  scrolls 
for  each  bobbin;  but  since  there  are  six  bobbins,  then  648  x  192  x  6 
=  746,496  =  the  total  number  of  scrolls  or  loops  in  the  whole  length 
of  yarn  on  a  full  drum  of  192  revolutions;    consequently — 

Total  scrolls  in  full  length  of  yarn 


Scrolls  or  loops  in  i  yd.  of  carpet 
648  x  192  X  6 


=  length  of  carpet.     Thus; 


7  X  36 


2962  -f-  yd.  of  carpet 


(when  each  of  the  remaining  threads  of  the  whole  design  is  similarly 
treated). 

"2.  Obviously,  the  total  number  of  scrolls  in  the  whole  length  of 
yarn  on  the  drum  divided  by  the  number  of  scrolls  or  loops  in  each 
repeat  of  the  design  represents  the  total  number  of  repeats  of  pattern 
for  each  printing  and  for  each  thread.     Thus: 

648    X     192    X    6  r  M 

—^ =  2304  repeats  of  pattern. 

Scraping. — The  soft  method  of  printing,  and  the  need  for  keeping 
the  scroll  pulley  always  fully  charged  with  colour,  inevitably  result 
in  a  superfluity  of  pigment  upon  the  yarns,  which,  unless  taken  away, 
would  spread  over,  with  disastrous  effects.  The  clearing  away  of  the 
superfluous  colour  is  done  by  scrapers  provided  with  sticks  of  vul- 
canite bevelled  to  a  broad  point,  the  width  of  the  scroll.  Each  scroll 
must  be  carefully  scraped  by  itself,  and  the  tool  thoroughly  cleansed 
every  time.  A  steel  bar  is  fixed  across  the  side  of  the  drum  to  guide 
the  scraper.  The  work  is  purely  practical,  and  demands  some  skill; 
by  deft  pressure  and  skilful  manipulation  the  worker  can  cause  the 
colour  to  go   deeper   into   the  yarn   while    removing  what   is   useless 

and  harmful. 

■>■  * 
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Stripping. — Having  been  thoroughly  scraped,  the  yarn  is  ready 
for  further  treatment.  A  preliminary  is  the  stripping  of  the  drum. 
The  yarn  may  be  taken  off  as  one  hank,  or  divided  into  separate 
hanks.  A  thread  is  tied  on  the  yarns  constituting  a  hank,  and  a 
tab  attached,  showing  to  what  drum  and  section  of  the  pattern  it 
belongs.  A  part  of  the  drum  is  collapsible,  the  segment  being 
generally  attached  to  a  telescopic  arm  of  the  drum  frame.  This  is 
let  down,  and  the  strippers,  inserting  long  poles  in  between  the  yarn 
and  the  drum,  carry  it  off. 

Steaming. — To  fix  the  colours  the  pile-warp  yarns  are  steamed. 
This  is  effected  in  various  ways.  A  very  satisfactory  method  is  the 
placing  of  the  yarns  upon  latticed  frames  filled  with  bran.  These 
frames  are  run  into  the  steam  chest  and  there  left,  while  the  full 
pressure  of  steam  is  let  on.  The  bran  takes  up  any  of  the  colour 
which  may  come  off  the  yarn.  Some  simply  put  the  hanks  into  net 
bags  and  steam  them  in  that  condition. 

Washing,  Drying,  Winding. — After  being  steamed,  the  yarns  are 
washed  thoroughly  in  clean  cold  water,  and  dried  in  centrifugal  ex- 
tractors and  a  drying  stove.  Then  they  are  wound  on  to  large  two- 
headed  bobbins.  These  operations  are  simple,  and  need  no  special 
description. 

Setting. — The  whole  object  of  the  foregoing  operations  has  been 
to  make  a  pile  warp  which  will  contain  the  pattern  of  the  carpet  in 
such  an  elongated  form  that  when  woven  the  ends  of  the  loops  will  be 
an  exact  reproduction  of  the  design.  Seen  on  the  bobbins,  the  warp 
yarns  are  nothing  more  than  variegated  threads,  but  the  variegations 
are  regular  and  imply  some  plan.  Drawn  out  and  laid  alongside 
one  another  in  proper  order  they  form  a  figure  or  pattern.  To  put 
the  whole  warp  together  in  the  form  designed,  and  wind  it  on  the 
warp  beam,  is  the  work  of  the  setters. 

At  the  end  of  a  table,  curiously  sectioned,  the  warp  beam  is  slung, 
and  the  bobbin  stand  is  placed  at  the  other  end  of  the  setter's  table. 
Set  on  four  legs,  with  pinion  feet,  which  fit  into  a  pair  of  rack  rails 
extending  from  the  end  of  the  table,  the  bobbin  stand  is  composed 
of  four  plates,  tiered  one  above  the  other,  and  fitted  with  upright 
pegs  for  the  bobbins.  Upon  this  stand  the  setter  arranges  her 
bobbins. 

As  we  have  said,  the  setting  table  is  special  -in  form.  At  the 
end  nearest  the  bobbin  stand  two  sets  of  guide  rails  form  a  support 
for  the  threads,  and  next  a  reed,  one  dent  to  every  thread,  separates 
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them  in  regular  fashion.  A  narrow  board  fitted  with  a  screw  clamp 
is  the  next  feature;  then  comes  the  setting  table  proper,  scored  with 
horizontal  lines.  Another  reed  sits  beyond  the  setting  table;  another 
clamp  board,  with  adjustable  screws;  last,  the  warp  beam  hung  freely 
in  supporting  gudgeons,  the  flanges  of  the  beam  being  set  to  the  width 
of  the  warp  in  the  reed. 

The  warp  ends  are  drawn  off  the  bobbins  on  the  stand,  which  is 
at  the  extreme  end  of  the  rack  rails,  and  pulled  forward  with  the 
threads.  When  a  sufficient  length  of  warp  has  been  drawn,  the 
clamps  are  screwed  down.  Her  threads  thus  secured,  the  setter 
adjusts    them    to    the    pattern,    of  which    she    generally    has    a    copy 


tig.  493. — Setting  Pattern 


(fig.  493).  When  the  pile  warp  is  formed  into  an  elongated  copy  of 
the  part  of  the  design  being  made,  the  setter  releases  the  clamps  and 
winds  the  warp  on  the  beam,  drawing  forward  the  bobbin  stand  to 
the  edge  of  the  setting  table.  These  acts  are  repeated  till  the 
whole  of  the  warp  has  been  laid  on  the  beam.  The  warp  is  now 
ready  for  weaving. 

Tapestry  -  carpet  Loom.  —  Excepting  for  the  wire  motion  and 
the  extra  warp  beams,  the  tapestry  loom  is  one  of  the  plainest  of 
weaving  machines.  It  is  only  a  plush  loom  on  a  large  scale.  The 
warp-shedding,  picking,  beating-up,  letting-off,  taking-up,  and  stop 
motions  are  the  same  as  have  been  described  minutely  in  our  former 
pages. 

There  are  three  warps  and  three  heald  shafts.  Pile  warp  and  stuffer 
are  drawn  through  heald  i ;  the  odd  threads  of  the  binding  warp,  or 
small  chain,  are  healded  on  shaft  2,  and  the  even  threads  on  shaft  3. 
Shaft  I  has  double  mails,  one  for  the  stuffer  and  one  for  the  pile  warp, 
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the  latter  being  above  the  former,  for  obvious  reasons.  Two  positive 
tappets  control  heald  shafts  2  and  3,  the  Woodcroft  tappet  being  com- 
monly employed.  The  tappet  for  shaft  1  is  larger,  because  the  pile 
warp  must  be  lifted  clear  of  the  small  chain  when  the  wire  is  being 
inserted.  All  the  tappets  being  on  the  same  shaft,  they  complete  their 
revolutions  at  the  same  time,  and  thus  maintain 
'^Blfi       harmony  in  all  the  motions. 

Similarly,    the    picking    mechanism    is    simple 
and  easily  understood  from  a  general   knowledge 
I  •||ra\i^  ^^^W       ^^  ^^^  common  picking  tappet  motions  used  on  all 
power  looms. 

Wire  Motions. — The  high-wire  motion  is  not 
employed  on  the  tapestry  looms.  It  is  too  slow. 
A  variety  of  others  are  employed.  The  old  wire 
cylinders^  the  switch,  the  trough,  and  the  rope-and- 
pulley  motions  are  most  commonly  met  with.  So 
far  as  our  experience  goes,  those  motions  operated 
by  a  simple  tappet  arrangement  are  preferred, 
though  the  perfect  wire  motion  has  yet  to  be  in- 
vented.    Faulty  adjustment  and  the  time  and  space 
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Fig.  494. — Printed  Threads 
Set  for  Winding  on  the  Beam 


GROUND 


Fig.  495.  — Plan  of  Tapestry  Carpet  Weave 


occupied  by  the  motions  seem  to  be  the  principal  causes  of  complaint. 
The  mechanical  substitute  for  the  skilful  hand  of  the  velvet  weaver 
has  not  been  fully  evolved. 

Weaving  the  Tapestry  Carpet. — Weight  may  be  given  to  a  tapestry 
carpet  by  the  addition  of  stuffer  and  backing  warps ;  but  suppose,  for 
a  simple  example,  we  take  one  of  the  commonest  kind,  with  only  one 
stuffer  warp.     The  yarns  are: — 
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1.  Ground  warp — 2  threads  3/7  s  cotton,  drawn  i  and  2. 

2.  Printed-pile  warp — i  thread  2/2/12  worsted. 

3.  Stuffer  warp — 15  spindle  jute. 

Each  warp  on  its  own   beam.     Ground  warp  healded  on   two 

shafts,    odd   and   even   alternately.     All  sieved  through  one 

dent  in  the  reed. 

Weft — 6s  linen;    16  shots  to  the  inch. 


Fig.  490. — Section  through  Above,  showing  wires 
W  =  Wires. 


ig.  497. — Fig.  494  as  Woven 


In  this  weave  there  are  four  shots  to  each  repeat  of  structure,  thus: — 

Pick  I — Single  shed.     Heald  sliaft,  2  up,  shafts  i  and  3  down. 

Pick  2 — Double  shed.  Heald  shaft  i  up,  holding  the  pile  warp  up 
to  let  the  wire  in,  the  stuffer  lying  under;  heald  shaft  3,  carrying  the 
even  thread  of  ground  also  up,  but  on  a  lower  level,  forming  the  bottom 
shed,  through  which  a  pick  of  weft  is  inserted. 

Pick  3 — Single  shed.     Heald  shaft  3  still  up,  with  the  even  threads 


IJ    U^E 


\  i  \  f   \  r~^  /  \  r-\  /^v  rA  r^\  /   \  /^\  /^\  r 

Fig.  498. — Medium  Tapestry  Carpet 
A,  Ground  warp.     B,  Pile  warp,     c,  Stuffer  warp.     E,  Weft. 

of  ground  warp;  shafts  2  and  i  down,  the  pick  passing  in  between  the 
shed  thus  made. 

Pick  4 — Double  shed.  Heald  shafts  2  and  i  up,  the  pile  warp  and 
stuffer  being  above  the  level  of  the  odd  threads  of  the  ground,  for  the 
insertion  of  the  wire  under  the  pile  warp,  while  the  odd  threads  of 
ground  make  the  shed  for  the  pick. 

Weaving  in  the  manner  stated,  the  whole  carpet  is  made. 

Putting  Weight  into  the  Tapestry  Carpet. — When  it  is  desired  to 
give  weight  and  bulk  to  the  tapestry  carpet,  stuffer  warps  are  put  in. 
For  a  medium  weight,  two  stuffers  are  run  alongside  the  pile  warp 
thread  for  thread,  and  bound  in  by  the  small  chain  (fig.  498).     Heavy 
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carpets  have  three  stuffer  warps  (fig.  499).  Excepting  that  the  heavy 
carpets  impose  a  greater  strain  upon  the  loom  and  its  mountings, 
they  are  in  no  ways  different  from  the  lighter  tapestry  carpets. 

Velvet-pile   Tapestry. — Taken  generally,  the  relation  of  the  velvet- 
pile  tapestry  carpet  to  the   looped-pile  is  the  same  as  the  relation  of 
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Fig.  499. — Heavy  Carpet  with  Three  Stuffer  Warpi- 


Wilton  to  Brussels;  but  the  comparison  does  not  always  hold  good. 
We  say  that  the  velvet-pile  fabric  should  be  woven  three  picks  of  weft 
to  one  wire,  for  binding  purposes,  because  the  cut  pile  has  not  the 
same  grip  as  the  looped  pile.  In  many  cases  the  rule  is  observed. 
The   pile,    however,   of  a   tapestry  carpet   is   a   small    thing,  and   the 

insertion  of  two  picks  of  weft  be- 
tween one  loop  and  another  may 
^^|aiiB^^|^H^lMM^/|MH^Vl^     impart    to    the    carpet    a    thin^ 
y^  Vs^    IS^  VS/^   \S^  Vs^     thready  look.     On  that  account, 

Fig.  500.- Velvet-pile  Tapestry  carpet  (three  shots  to  aud     for    rCESOUS    of   CCOUOmV,     We 

one  wire)  -^ 

sometimes  find  that  the  velvet- 
pile  is  woven  in  the  same  way  as  the  looped-pile  tapestry  carpets.  We 
agreed  that  the  mere  cutting  of  the  loops  would  not  change  a  Brussels 
into  a  Wilton  carpet,  but  the  same  cannot  be  asserted  here.  Excepting 
for  the  slight  difference  in  the  shape  of  the  wires,  which  gives  the 
velvet  pile  a  slightly  higher  loop,  and  the  cutting  blade  at  the  end, 

there  may  be  no  difference  be- 


tween  the  two  kinds  of  carpet.   A 
method  of  combining  strength 
of  binding  with  good   appear- 
ance is  sometimes  adopted,  con- 
sisting in  weaving  the  two  picks 
in  the  ground  (fig.  501). 
If  the  system  of  three  picks  to  one  wire  is  adopted  on  the  velvet-pile 
weave,  then  the  tappets  must  be  altered  as  described   in   the  Wilton 
carpet,  and  the  other  mechanisms  of  the  loom  brought  into  harmony. 
The  saving  effected   by  weaving  the  velvet -pile  in  the  same  way  as 
the  looped-pile   is   therefore  considerable.     Whether  or   not   the  pile 
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Fig.  501. — Velvet-pile  Tapestry  Carpet, 
in  the  ground) 


{Two  picks 
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is  adequately  bound  is  another  question.  We  think  it  is  not;  but 
consumer  and  manufacturer  may  be  left  to  decide  the  matter  for 
themselves. 


CHAPTER    VI 
Double-cloth  Carpets 


Double-cloth  Carpets.  —  Kidderminster,  Scotch,  Kilmarnock,  In- 
grain Art  squares,  and  Roman  carpets  are  practically  of  one  kind. 
Originally  each  name  represented  a  departure,  but  Roman  is  now  the 
only  carpet  which  is  really  distinct  from  the  others,  the  terms  Kidder- 
minster, Scotch,  and  Ingrain  being  indiscriminately  applied  to  the 
same  class  of  fabrics.  Brought  to  Kidderminster  during  the  latter 
half  of  the  seventeenth  century  by  French  refugees,  this  form  of 
carpet  was  little  more  than  a  coarse  double  cloth,  woven  with  woollen 
weft  on  warps  of  worsted.  A  length  of  each  cloth  was  woven 
separately,  then  the  positions  of  the  warps  were  changed,  the  top 
becoming  bottom  and  the  bottom  top,  the  crossing  of  the  warps 
effecting  the  joining  of  the  two  cloths.  Wefting  was  changed  in  like 
manner.  In  that  way,  being  weft  flushed,  these  carpets  were  patterned, 
though  not  in  very  good  style.  With  the  application  of  the  draw 
loom,  some  improvement  was  effected,  both  in  pattern  and  quality; 
but  the  industry  could  not  maintain  itself  alone,  and  it  became  a  branch 
of  factories  making  other  kinds  of  carpets.  The  chief  seat  of  manu- 
facture, after  it  died  out  in  Kidderminster,  was  Wilton,  then  a  great 
centre  of  Brussels  and  Wilton  carpet  manufacture.  Later,  the  industry 
travelled  farther  north,  and  established  itself  in  the  woollen  districts 
of  Yorkshire.  It  is  still  practised  in  Bridgnorth,  and  in  Halifax  and 
other  Yorkshire  towns.  Still  going  northwards,  we  next  find  the 
double-cloth  carpet  at  Kilmarnock,  Ayrshire,  where  it  took  on  a  new 
form.  Mr.  Thomas  Morton,  an  ingenious  weaver  in  Kilmarnock, 
invented  an  improved  draw  loom,  and  wove  the  carpet  as  a  triple 
cloth,  the  centre  warp  being  a  kind  of  stuffer.  So  strongly  did 
Morton  revive  the  trade  that  the  carpet  became  known  on  the  market 
alternatively  as  the  Kilmarnock  or  Scotch  carpet. 

Introduced  partly  by  French  and  partly  by  Scottish  emigrants, 
this  kind  of  carpet  was  extensively  woven  in  the  United  States  of 
America,  and  there  has  been   named  the   Ingrain.      In  that  country 
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another  form,  the  chief  peculiarity  of  which  is  the  predominance  of 
weft  over  warp,  was  adopted,  and  called  the  Roman. 

Present-day  Practice. — This  class  of  carpets  is  now  woven  in 
squares,  for  the  most  part,  though  stair  runners  are  also  woven  in 
considerable  quantity.  The  woollen  weft  has  been  discarded,  and 
instead  a  very  heavy  worsted  is  used.  Very  frequently  warp  and  weft 
are  of  the  same  material  and  counts.  For  plain  patterns  a  common 
double-cloth  Jacquard  is  employed;  for  more  elaborate  designs  a  full 
harness  mounting,  with  cross-border  Jacquard,  and  from  four  to  eight 
heald  shafts,  is  needed. 

Structure. — In  structure  the  Scotch  carpet  is  a  true  double  cloth. 
Carpet  weavers  usually  view  the  structure  from  the  purely  practical 
point,  and  the  types  are  therefore  classified  thus: — 

I.    Two-ply  in  Warp  and  Weft. — Warps  are  arranged   in  colours, 


Fig.  502. — Two-ply  Scotch  Carpet 

one  on  each  beam,  and  set  24  ends  per  inch  in  the  loom.     Weft  the 
same  as  warps,  and  woven  24  picks  to  the  inch  (fig.  502). 

2.  Two-ply  Warp  and  Weft. — Four  colours  in  warp  and  weft,  the 
warp  of  higher  quality  than  weft.  The  following  are  the  particulars 
of  an  example: — 

Warps. — I   thread  a.   2/10  black  worsted. 

b.  ,,     red  ,, 

c.  ,,     white         ,, 

d.  ,,     yellow  olive  worsted. 
Woven   14  splits  per  inch,   2  in  a  split. 

Weft.  —  I.   w.   black   i   2/3  worsted — 4  turns  per  inch. 
I.  X.   red  „ 

I.  jj/.  white  >>  M 

I.   3.  yellow  olive     ,,  ,, 

Obviously  these  warps  and  wefts  offer  many  opportunities  of  varied 
combination. 

3.  Three-ply  Warp  and  Two-ply  Weft. — This  is  the  type  introduced 
by  Morton  of  Kilmarnock,  which  lifted  the  carpet  from  very  low  repute 
as  a  wearing  fabric  into  a  good  position  (fig.  503).  The  extra  warp  is 
commonly  a  stuffer,  and  never  changes  place,  its  position  being 
always  in  the  centre  of  the  carpet. 

4.  Three  Warps  and  Three  Wefts. — Three-ply  warp  and  weft  con- 
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sist  of  three  distinct  cloths  of  different  colours.  The  figure  is  produced 
by  the  respective  cloths  appearing  on  the  surface  of  the  structure  as 
predetermined  by  the  design,  the  binding  of  the  three  fabrics  together 
being  effected  by  their  interchanging.  Whenever  one  cloth  and  colour 
is  required  to  predominate  for  a  considerable  area  on  the  surface, 
neither  that  surface  cloth  nor  the  other  two  fabrics  woven  directly 
underneath  are  fastened   together  at   that   particular  part.     The  only 


Fig.  503. — Three-ply  Scotch  Carpet,  with  three  Warps  and  two  Wefts 

remedy  for  this  defect  is  to  introduce  a  special  binding  warp  thread 
(fig.  504). 

5.  Roman  Carpets. — The  fifth  type  is  that  known  as  Roman,  which, 
w^e  have  hinted,  is  decisively  distinct.  Weft  figures  are  plainly  the 
main  object  in  the  weaving  of  Roman  carpets.  "This  idea  of  inter- 
lacing has  evidently",  says  Professor  Bradbury,  "been  borrowed  from 
a  method  which  is  common  in  tapestry  work.  The  term  tapestry  is  here 
used  in  its  widest  sense,  as  applied  to  decorative  fabrics.  There  are 
two  warps  and  three  wefts,  but  any  number  of  wefts  within  reason  can 


Fig.  504. — Scotch  Carpet,  with  three  Warps  and  Wefts 
A,  B,  c,  D,  E,  F,  Wefts.     U,  V,  w,  X,  Y,  z,  Warps. 

be  employed,  say  four  or  five;  but  each  additional  colour  and  weft  in- 
creases proportionately  the  cost  of  the  fabric,  though  it  simultaneously 
increases  the  weight." 

One  of  the  warps  is  commonly  a  stuffer,  consisting  of  cotton,  jute, 
or  any  other  cheap  yarn.  The  other  warp  is  the  binding,  or  ground 
warp,  and  is  generally  a  good  strong  cotton.  Contrary  to  ordinary 
practice,  the  stuffer  warp  is  controlled  by  a  full  harness,  while  the 
binding  warp  is  drawn  through  ordinary  heald  shafts,  two  or  four, 
as  may  be  most  convenient. 

All  the  design  and  colour  of  the  carpet  are  put  in  by  the  wefts.  A 
certain  looseness  of  surface  is  almost  inevitable,   because  of  the  weft 
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figuring,  but  it  must  not  be  forgotten  that  the  warps  are  constantly 
in  use,  though  covered  by  the  large  number  of  wefts. 

6.  Plain  Ground  and  Weft  Pattern. — A  modification  of  Roman, 
and  more  compact,  this  type  of  carpet  is  perhaps  the  most  favoured 
of  the  whole  class.  Three  wefts  and  two  warps  are  commonly  employed 
in  making  the  fabric. 

Design. — The  foregoing  is  a  practical  summary,  but  it  is  obvious 
that  the  method,  while  showing  the  typical  internal  structure  of  the 
different  kinds,  fails  to  convey  the  variations  of  any  pattern.  No 
figured  double  cloth  is  always  bound  at  the  same  pick  on  the  same 
warp  threads.  Every  section  of  the  warp,  therefore,  must  show 
a  different  combination  of  the  yarns.  The  student  of  Scotch  carpets 
should  try  first  to  get  at  the  nature  of  each  cloth,  and  consider  it 
separately.  When  the  cloths  are  thoroughly  understood,  then  mutual 
binding  points  may  be  sought.  This  is  the  rule  in  all  double  cloths, 
and  the  carpet  is  no  exception  in  that  respect. 

Perhaps  it  may  be  said  that  this  gives  too  much  trouble  for  little 
purpose.  We  admit  that  the  alternation  of  colour  from  back  to  front 
is  the  constant  factor  in  binding  and  the  main  cause  of  variation  after 
the  pattern  has  been  mounted ;  but  there  is  no  reason  why  the  designer 
of  Scotch  carpets  should  not  be  master  of  the  principles  of  textile  design 
which  lie  at  the  foundation  of  his  practice. 

The  Loom. — In  no  weaving  shed  is  the  cloth  weaver  more  likely  to 
feel  at  home  than  in  the  Scotch  carpet  factory.  The  looms  perhaps 
vary  more  in  width  than  his  own,  but  in  almost  every  other  particular 
they  are  similar.  This  carpet  manufacture  is  double-cloth  weaving,  only 
with  coarser  wefts  and  heavier  warps.  From  warp  beam  to  cloth  beam 
all  the  arrangements  are  the  same. 

Jacquards. — Because  of  the  large  differences  in  pattern  we  have 
indicated,  the  Scotch  carpet  weaver  must  employ  Jacquards  varying 
widely  in  capacity.  For  a  double-cloth  carpet  in  two  colours,  having 
two  each  of  warp  and  weft,  a  very  neat  Jacquard  has  been  devised. 
As  nothing  like  it  has  been  shown  in  our  cloth  weaving,  we  may  take 
some  time  over  it.  The  needles  are  ranged  in  tiers  of  four,  with 
eight  hooks  in  the  row,  the  eight  being  halved,  for  a  double  griffe, 
and  the  first  of  each  four  being  controlled  by  No.  i  needle,  the 
second  by  needle  2,  the  third  by  needle  3,  and  the  fourth  by  needle  4. 
Most  noteworthy,  however,  is  the  comber  board,  which  here  acts  in 
the  place  of  heald  shafts.  It  is  divided  into  four,  and  perforated  with 
two  rows  of  holes  large  enough  to  let  the  cords  pass  freely  through, 
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but  so  small  as  to  keep 
the  knots  on  the  cords 
always  up  on  the  top 
sides  of  the  boards.  The 
draft  plan  of  this  healded 
set  of  comber  boards  is 
as  follows:  Warp  end  i, 
board  i;  warp  end  2, 
board  in  and  row  5;  end 
3,  board  11  and  row  3; 
end  4,  board  iv  and  row 
7;  end  5,  board  i  and 
row  2;  end  6,  board  in 
and  row  6;  end  7,  board 
II  and  row  4;  end  8,  board 
IV  and  row  8.  Analysis 
shows  that  all  the  odd 
threads  may  be  lifted  by 
comber  boards  i  and  11, 
and  all  the  even  warp 
ends  by  comber  boards  in 
and  IV.  Consequently  the 
comber  boards,  operated 
by  tappets,  may  form  a 
shed  for  themselves  inde- 
pendently ;  they  may  form 
a  plain  shed,  or  any  shed 
which  can  be  produced 
on  four  heddles,  just  as 
may  be  required. 

Pressure  on  the  needles 
sends  one  set  of  the  hooks 
out  of  the  path  of  its  griffe 
and  brings  the  other  into 
the    path    of    the    other 
griffe.    Consequently  the 
whole  of  the  warp  held 
by    these     latter     hooks 
must     be     lifted     above 
those  of  the  former.    The 


Fig.  505. — Small  Carpet  Jacquard 

A,  Cylinder,  b,  Needle  board,  c,  Needles.  D,  Spring  box.  K,  F, 
Two  sets  of  hooks  having  separate  griffes,  G,  H,  Carrying  knives  I 
and  J.  The  hooks  rest  upon  the  cross-bar  K.  The  comber  board  is  in 
four  sections,  marked  I,  II,  in,  IV.  The  Arabic  numerals  show  the 
manner  in  which  the  harness  is  arranged. 


22  CARPET   MANUFACTURE 

opposite  occurs  when  a  fully  perforated  card  is  put  on.  The  two 
griffes  move  up  and  down  alternately,  and  the  cylinder  brings  forward 
cards  once  every  two  picks. 

These  movements  are  sufficient  for  plain  weaving,  but  figure  is  also 
desired.  The  figure  is  effected  by  the  action  of  the  cards  upon  the 
row  of  needles  which  is  brought  in  over  the  lifting  griffe.  The 
economy  of  the  mounting  consists  in  making  the  one  needle  put  out 
the  one  and  bring  in  the  other  colour. 

Large  Jacquards  with  Full  Mountings  and  Cross  Borders. — 
More  intricate  patterns  are  woven  by  means  of  the  ordinary  Jacquards, 
and  double  or  cross-border  Jacquards  which  we  are  already  familiar 
with  on  the  cloth  loom. 

Picking. — In  the  formation  of  design  weft  plays  an  equal  part  with 
warp.  Consequently  it  frequently  happens  that  several  shuttles  are 
employed,  each  with  a  weft  of  a  different  colour.  To  change  the 
shuttles  some  form  of  mechanism  is  required.  The  important  nature 
of  the  shuttle-changing  action  has  called  forth  many  inventions,  though 
the  principal  system  in  use  is  generally  some  standard  type  of  rising 
and  falling  box  mechanism.  The  circular  type  of  box,  not  being  suit- 
able for  heavy  goods,  is  seldom,  if  ever,  employed. 

For  a  full  examination  of  these,  and  of  all  the  remaining  parts  of 
the  loom,  the  reader  is  referred  to  Part  IV,  Chapter  III,  of  this  work, 
in  which  the  whole  subject  is  detailed  and  illustrated. 

Textile  Character  of  Carpet  Weaving. — Although  he  uses  heavy 
threads,  large  machines,  and  produces  fabrics  of  special  form,  the 
weaver  of  carpets  must  never  forget  that  he  is  a  member  of  the  textile 
industry,  and  that  he  is  always  subject  to  its  laws.  However  puzzling 
they  may  seem,  and  difficult  to  bring  under  any  known  weaving 
category,  there  are  no  exceptions  to  the  main  laws  of  textile  produc- 
tion. Every  fabric  is  composed  of  warp  and  weft,  though  the  warp 
may  be  only  knotted  threads  and  the  weft  a  cut  pile.  If  this  very 
simple  fact  were  always  kept  in  mind,  or,  what  is  better,  acted  upon 
habitually  as  a  commonplace,  the  textile  industry  would  progress 
much  more  rapidly,  and  textile  workers  would  have  fewer  mistakes 
to  regret. 
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CHAPTER   I 
Historical 


Origin  of  the  Art  of  Knitting. — From  specimens  found  in  ancient 
tombs  and  buried  cities,  it  appears  that  hosiery  is  not  the  youngest  of 
textile  industries,  as  former  investigators  have  led  us  to  believe.  But 
there  are  no  evidences  to  show  that  knitting  was  practised  in  the  early 
centuries  of  European  civilization.  According  to  a  tradition  which  is 
of  almost  historical  validity,  the  art  of  knitting  was  re-discovered 
among  the  peasants  of  the  Scottish  Lowlands.  The  date  of  the  dis- 
covery has  never  been  even  guessed  with  approximate  accuracy.  In 
the  sparsely  populated  districts  of  Scotland,  the  younger  members 
of  agricultural  communities  beguile  the  enforced  idleness  of  winter's 
inclement  weather  by  working  various  quaint  and  fanciful  designs 
in  straw,  hay,  plant  stems,  and  wool.  Doubtless  the  practice  led  to 
the  re-discovery  of  knitting,  and  it  is  very  probable  that  the  original 
inventor  thought  no  more  of  the  work  than  of  a  hundred  other  things 
he,  or  she,  had  made  in  the  same  manner.  Even  after  the  utility  of 
knitting  had  been  recognized,  and  caps  and  scarves  were  being  knitted 
by  lover  for  lover,  it  was  long  before  the  industrial  value  of  it  was 
perceived.  The  practice  was  purely  individual,  recreative,  and  almost 
sportive.  The  men  and  maidens  of  the  one  farm  taught  the  art  to 
their  neighbours  on  the  next  farm;  thus  the  knowledge  of  knitting 
spread,  scarcely  noticed,  and  regarded  as  beneath  notice. 

Birth  of  an  Industry. — A  craft  may  be  domestic  for  many  centuries 
before  it  comes  to  be  regarded  as  an  important  economic  factor. 
Things  produced  as  tokens  of  affection  do  not  come  within  the  circle 
of  commodities.  Until  the  article  has  a  commercial  value,  production 
of  it  can  hardly  be  called  industrial.  Knowledge  of  knitting  had 
spread  to  England,  across  the  seas  to  France,  and  over  the  Continent, 
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before  knitted  goods  came  on  the  markets  of  the  world  for  sale. 
During  the  fifteenth  century  the  art  of  knitting  seems  to  have  taken 
its  place  among  handicrafts.  Spanish  workers  in  silk  and  wool 
utilized  knitting  for  the  production  of  fine  hose,  which,  before  that 
time,  had  been  wholly  made  of  cloth.  The  trade  must  have  attained 
some  dimensions  in  England  also  during  that  century,  for  we  find  that 
an  Act  of  Henry  VH  fixed  the  price  of  knitted  caps  at  2s.  8d.,  or  about 
gs.  of  our  money.  Later  Acts  of  the  same  monarch  mention  hose. 
The  principal  object  of  these  Acts  was  to  regulate  the  wool  industry, 
which  had  then  become  the  most  important  industry  of  the  kingdom. 
The  Statute  of  Labourers,  passed  in  1563,  classed  hosiers  among  the 
operatives  whose  lives  were  to  be  governed  by  the  provisions  of  the 
Act. 

Rev.  William  Lee,  M.A. — The  most  notable  date  in  the  history  of 
hosiery  is  the  year  1589,  when  William  Lee,  M.A.,  St.  John's  College, 
Cambridge,  a  native  of  Calverton,  freeholder  and  curate  of  the  parish, 
brought  his  invention  of  a  knitting  machine  before  the  world  as  a 
practical  instrument  of  production.  Various  and  romantic  are  the 
stories  told  of  Lee's  original  motives  for  inventing  the  machine.  We 
have  little  need,  however,  to  look  further  than  the  circumstances  of 
the  time  and  the  inventor's  position.  Queen  Elizabeth  was  in  the 
height  of  her  power,  and  her  gay  Court  set  the  fashions  for  the  whole 
nation.  Cloth  hose,  formerly  worn  to  a  very  large  extent,  were  not 
neat  enough,  dainty  enough,  for  the  young  gallants  and  ladies  of  the 
period.  Knitted  hose,  in  wool,  worsted,  and  silk,  were  needed  to 
set  off  the  limbs  of  the  gallant  young  bloods,  and  knitting  was  regarded 
as  an  art  worthy  of  the  attention  of  even  noble  ladies.  Disappointed  of 
other  preferment  in  the  Church,  Lee  had  settled  in  his  native  parish; 
but  he  continued  to  keep  up  connection  with  college  and  town  friends, 
one  of  whom.  Lord  Hunsdon,  was  a  favourite  at  Elizabeth's  Court. 
In  this  way  he,  doubtless,  heard  of  the  schools  for  teaching  knitting 
then  being  established,  and  of  the  turn  of  fashion  towards  hosiery. 

Lee  had  a  brother,  James,  gifted  with  mechanical  skill,  and  with 
his  aid  he  constructed  a  machine  which  could  actually  knit.  Having 
accomplished  his  purpose,  he  showed  the  machine  to  Lord  Hunsdon, 
who  promised  to  use  his  influence  to  secure  for  him  a  patent  and  a 
monopoly  of  hosiery  manufacture  in  England.  Faithful  to  his  promise. 
Lord  Hunsdon  brought  Queen  Elizabeth  to  see  the  inventor  and  his 
wonderful  machine.  Fond  of  dainty  dress,  Elizabeth  was  disgusted 
to  see  that  this  wonder  of  invention  could  only  produce  a  stocking 
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of  coarse  wool.  She  made  no  reply  to  Lee's  request,  save  that  she 
would  consider  the  matter.  Perceiving  his  blunder,  Lee  made  a  pair 
of  fine  silk  stockings,  and  presented  them  to  the  queen ;  but  he  merely 
received  cold  thanks,  and  the  intimation  that  the  queen  could  not 
grant  a  patent  to  one  man  for  an  industry  in  which  so  many  of  her 
poorer  subjects  were  engaged. 

During  the  last  years  of  Elizabeth's  life  William  Lee  continued 
to  hope,  and  when  her  successor,  James  VI  of  Scotland,  came  to 
the  English  throne,   renewed  his  appeals,  but  without  success. 

Sully,  then  special  Ambassador  of  France  to  the  English  Court, 
saw  and  admired  Lee's  invention.  Obtaining  leave  from  Henry  IV, 
his  royal  master.  Sully  made  handsome  offers  to  Lee,  on  condition 
that  he  would  settle  in  France,  and  set  up  hosiery  manufacture  in  that 
country.  After  some  hesitation  Lee  accepted  and  went  over  to  Rouen 
accompanied  by  his  brother  James,  taking  with  him  several  knitting 
frames.  Here  fortune  smiled  upon  the  unlucky  inventor  for  a  brief 
space;  but  hardly  had  he  been  received  with  honour  at  the  Court  of 
Paris,  and  had  hopes  of  obtaining  fresh  privileges,  when  the  assassina- 
tion of  King  Henry  changed  the  whole  aspect  of  affairs.  The  Medicis, 
fervent  Roman  Catholics,  came  into  power  over  France,  and  one  of  the 
first  acts  of  Mary,  the  Regent,  was  to  withdraw  the  protection  under 
which  Lee  had  entered  into  business.  Enemies  crowded  round  him, 
his  business  fell  away,  and  at  last,  worn  out  with  worry  and  disappoint- 
ment, he  died. 

After  his  brother's  death  James  Lee  removed  the  main  part  of  the 
knitting  frames  to  London,  and  set  them  up  in  premises  at  Old  Street 
Square.  Hearing  from  Aston,  a  former  apprentice,  however,  that  he 
had  made  important  additions  to  the  knitting  machine,  James  Lee 
sold  the  London  business  and  returned  to  Nottinghamshire.  In  part- 
nership with  Aston,   Lee  built  up  a  good  business. 

William  Lee  is  entitled  to  rank  among  the  most  ingenious  and 
origrinal  inventors  the  world  has  known.  Unlike  most  inventors,  he 
had  no  predecessor  and  no  rival;  the  knitting  machine  was  his  con- 
trivance from  first  to  last ;  he  conceived  the  idea  and  made  it  practical ; 
he  created  it.  The  achievement  is  the  more  remarkable  from  the  fact 
that  mechanical  invention  was  rare  in  his  day.  Handicraft  was 
still  the  instrument  of  production  upon  which  commerce  depended. 
Scholarly,  refined,  and  of  stainless  character,  he  was  the  victim  of 
untoward  circumstances — one  of  the  great  men  through  whose  failures 
the  progress  of  the  world  is  made. 
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Hand  Knitting. — Before  it  is  possible  to  understand  Lee's  machine 
we  must  know  clearly  the  operation  it  was  designed  to  accomplish. 
Like  every  other  mechanical  process,  knitting  is  based  on  handicraft; 
the  manual  operation  is  the  model  of  even  the  most  complex  of 
mechanical  actions.  Let  us  follow  the  knitting  by  hand  of  a  plain 
piece,  and  observe  how  it  is  done. 

The  tools  of  the  knitter  are  a  pair  of  steel  wires  or  wooden  pins 
named  needles.  Having  provided  herself  with  the  yarn,  the  knitter 
holds  a  needle  in  each  hand,  the  left  being  the  passive  and  the  right 
the  working  needle.  To  cast  on,  the  knitter  holds  the  end  of  the 
worsted  thread  firmly  against  the  left-hand  needle,  forms  a  double 
loop  on  the  other  needle,  and  lifts  it  on  to  the  needle  held  in  the  left 
hand.  A  running  noose  is  thus  made,  the  loop  of  which  is  held 
open  by  the  needle  upon  which  it  is  strung.  In  the  same  manner 
as  many  loops  as  there  are  to  be  stitches  in  the  breadth  of  the  fabric 
are  made.  When  this  has  been  done,  the  one  needle  is  bare  and 
the  other  is  covered  with  running  loops.  Taking  the  latter  in  her 
left  hand,  the  knitter  inserts  the  right-hand  needle  through  the  middle 
of  the  end  loop,  passes  the  thread  over  the  head  of  the  needle,  and 
draws  it  through,  forming  the  second  loop.  This  second  loop,  if 
held  secure,  will  evidently  act  the  part  of  the  needle  on  the  first  loop 
and  keep  it  intact.  So  the  first  loop  is  lifted  over  the  head  of  the 
left-hand  needle,  and  forms  a  stitch  at  the  base  of  the  second  loop 
which  is  retained  on  the  right-hand  needle.  Repeating  the  action 
described,  the  knitter  completes  the  row  and  finds  that  all  the  yarn 
has  been  transferred  on  to  the  right-hand  needle,  which  now  carries 
a  row  of  stitches  and  a  row  of  loops.  Transferring  the  full  needle 
from  the  right  hand  to  the  left,  the  knitter  resumes  the  same  operation. 
Each  row  of  stitches  adds  its  length  to  the  size  of  the  fabric. 

Analysis  of  this  simple  operation  shows  that  knitting  consists  of  a 
series  of  loops  successively  linked  into  each  other,  the  succeeding  loop 
securing  the  one  into  which  it  has  been  linked.  Here  we  observe 
the  defect  inherent  in  all  knitted  fabrics.  Loosen  one  end  of  the 
thread,  and  the  whole  fabric  can  be  drawn  down  into  a  single  skein  of 
yarn.  A  fault  in  a  woven  cloth  affects  only  as  many  weft  and  warp 
threads  as  may  be  broken;  but  a  break  in  a  knitted  fabric  involves  the 
whole  structure. 

Simple  as  the  operation  appears,  skill  and  judgment  are  necessary 
to  the  formation  of  a  sound  fabric.  The  length  of  loop  determines 
the  length  of  stitch;    if  the  knitter  draws  one  loop  tight  and  the  next 
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loop  slack  on  the  wire,  a  very  irregular  cloth  will  be  the  result.  If 
a  soft  and  light  fabric  is  designed,  the  loops  must  be  slack  and  long; 
if  the  cloth  is  to  be  firm  and  strong,  the  knitting  should  be  uniformly 
tight  upon  the  wires.  Uniformity  of  stitch  is  absolutely  essential  to 
good  knitting,  and  that  quality  is  not  always  easy  to  obtain.  A  change 
in  the  atmospheric  conditions  may  alter  the  nature  of  the  yarn,  making 
what  was  tight  before  slack,  or  knitting  wrought  slack  firm  and  tight. 
The  yarn,  however,  is  generally  of  a  soft  and  flexible  nature,  and  the 
defect  may  be  corrected  in  the  finishing  of  the  work. 

Lee's  Knitting  Machine. — William  Felkin,  the  author  of  The  His- 
tory of  Machine -wrought 
Hosiery  and  Lace  Manu- 
factures, gathered  care- 
fully the  main  facts  of 
Lee's  biography,  skilfully 
eliminating  the  irrelevant 
and  the  mythical.  He 
has  presented  a  lucid  and 
vivid  description  of  the 
inventor's  gradual  pro- 
gress from  the  first  crude 
attempts  to  the  achieve- 
ment of  a  finished  knit- 
ting machine  (fig.  506). 

"The  web  of  a  stock- 
ing is  knitted  by  hand, 
on  three  or  four  long 
pins,  of  a  row  of  loops,  and  in  a  round  shape;  it  seemed  to  Lee 
impossible  to  construct  a  machine  to  make  a  round  web,  having  as 
many  needles  as  loops,  in  the  circumference  of  the  hose.  Pondering 
on  the  difficulty,  he  one  day  saw  his  mistress  knitting  the  heel,  using 
two  needles  only;  one  held  the  loops  while  the  other  was  employed 
in  forming  a  new  series.  It  struck  him  he  could  make  the  web  flat, 
or  in  a  straight  line  of  loops ;  and  when  thus  made,  join  the  selvages 
by  seaming  them  together;  and  thus  make  it  round.  He  was  then 
led  to  the  idea  of  throwing  a  thread  across  a  long  elastic  hook,  the 
point  of  which  should  be  pressed  down  into  a  hole  in  the  stem  of 
the  wire,  and  thus  loop  at  pleasure.  He  bored  the  holes,  and  tried 
to  insert  the  point;  but  though  he  could  make  the  loop  on  the  wire 
(since   called   a   needle)   it   would    not   slide    easily   over  the   inserted 


Fig.  506. — Section  of  Lee's  Frame 


A,  Jack-siriKcrs.      B,  Locker.      c.  Jacks.      D,  Needles.      e.  Springs. 
F,  Slur  bar.      G,  Slur.       h,  Pulley.       I,  Locker  bar. 
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point.  At  length  he  thought  of  the  groove  instead  of  a  hole.  But 
here  tools  failed  him  in  making  the  groove.  He  flattened  the  wire 
at  that  part,  heated  it,  and  turned  the  edges  towards  each  other,  and 
spoiled  much  wire  in  the  ineffectual  attempt.  Afterwards,  by  using 
a  three-edged  file,  he  cut  out  the  groove.  After  spending  a  long 
time  in  making  these  hooks  of  various  shapes,  he  made  the  long 
bearded  hook,  or  needle,  fit  for  his  purpose. 

*'  In  his  first  attempt  at  looping  he  inserted  firmly  into  a  piece  of 
wood  a  dozen  of  these  needles,  eight  to  an  inch;  fixing  this  piece 
of  wood  upon  a  wooden  framework  (hence  the  name  frame),  and  en- 
deavoured to  make  a  succession  of  loops  upon  them  by  hand,  which 
he  finally  accomplished,  knitting  on  this  row  of  hooks  a  pair  of  garters 

in  this  manner. 
A/ y  "The  next  point  needed 

was  to  form  and  fix  a  wooden 
bar  (the  presser)  to  press 
down  at  one  movement  all 
the  barbs  of  the  hooks  into 

Fig.  S07. -A,  Presser  bar.       B,  Needle  beard.  thc    grOOVCS,     USing     the    OUe 

hand  to  bring  forward  the 
loops,  while  he  put  all  the  beards  down  into  the  grooves  with  the 
other;  and  so,  by  passing  the  row  of  loops  over  the  beards  and  needle 
heads,  he  formed  row  after  row  of  loops  to  pass  upon  the  previously 
made  rows,  till  several  inches  of  web  were  produced. 

*'He  now  tried  to  deal  with  the  single  thread  with  which  his  web 
was  to  be  made,  so  as  to  gain  sufficient  length  of  yarn  in  each  loop; 
and  so  to  form  the  succession  of  loops,  across  a  series  of  needles, 
placed  in  a  straight  line.  All  attempts  to  do  this  by  rows  of  pins 
fixed  upon  levers,  acting  at  the  heads  of  the  needles,  where  they  are 
bent  back  to  form  the  hook  or  beard,  proved  abortive;  so  he  was  driven 
to  attempt  it  at  the  stem,  which,  after  many  efforts,  was  effected  in  a 
most  ingenious  manner  by  the  construction  of  what  are  called  the 
jack  and  sinker. 

**The  jack  is  a  lever  working  freely  on  a  wire,  upon  which  it  is 
balanced.  In  Lee's  frame  these  were  of  wood,  one  to  each  needle, 
and  the  whole  row  of  jacks  were  kept  in  place  by  working  in  a  comb. 
In  the  round  head  of  the  jack  is  a  slit  from  which  the  sinker  hangs, 
and  works  perpendicularly.  The  sinker  was  made  by  Lee  from  a  thin 
plate  of  tin,  and  is  so  shaped,  as  by  passing  between  the  needles 
to  carry  down  as  much  thread  as  to  form  a  loop  between  each  pair, 
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Fig.  508.— A,  Loops  of  single  thread.     B,  B,  Loops 
of  web  to  pass  over  beards. 


then  to  carry  them  forward  under  the  needle  beards  and  close  to 
their  heads;  and  after  the  presser  had  placed  the  points  of  the  beards 
in  their  grooves,  the  sinkers  brought  forward  the  web  of  loops  already 
formed,  and  passed  it  over  the  row 
last  formed ;  then  took  the  work  back 
to  the  stems  of  the  needles  ready  for 
a  new  course  (fig.  508).  To  devise 
one  instrument  shaped  so  as  to  per- 
form so  many  essential  operations 
was  a  marvellous  thing,  and  was 
only  accomplished  after  many  un- 
successful efforts.  Still  more  wonderful  that  it  was  so  perfectly  adapted 
as  to  continue  without  material  change  in  use  to  the  present  time. 

"The  jacks,  when  the  sinkers  were  attached,  were  lighter  behind 
than  in  front,  so  he  placed  a  row  of 
light  springs  at  their  tails  to  hold 
them  from  falling  forwards,  except 
when  wanted  to  form  a  fresh  row 
of  loops.  Then  they,  following  the 
thread  thrown  by  the  workman, 
each  way,  were  forced  down  in  ro- 
tation by  an  iron  instrument  of 
suitable  shape,  called  a  slur  cock, 
which,  pulled  by  a  string  attached 
to  treadles,  runs  backwards  and 
forwards  on  a  bar,  and  by  striking 
against  the  jack  tails  in  succession 
causes  the  hissing  sound  heard  in 
framework  knitting. 

"The  whole  inside  of  the  ma- 
chine was  first  made  to  run  on  two 
trucks  only,  but  since  on  four — a 
great  improvement  as  to  labour 
and  speed.  For  the  entire  machine 
has  to  be  moved  forwards  by  the 
hands,  then  made  to  sink  by  means 

of  a  central  spring ;    then  to  rise  and  to  retreat  to  its  former  position ; 
all  to  enable  the  sinkers  to  do  their  successive  duties." 

Aston's  Fixed  Sinkers. — When  Lee  went  to  Rouen  he  left  behind 
him  a  clever  young  apprentice  named  Aston.     This  young  man  saw 


Fig.  509. — Aston's  Sinkers 
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that  the  gauge  of  the  frame  could  not  be  made  very  close,  nor  fine 
work  done  upon  it,  unless  some  means  were  devised  for  adding  to 
the  number  of  sinkers  without  lengthening  the  space  occupied  by 
them.  After  experiment,  he  hit  on  the  plan  of  putting  fixed  sinkers 
in  between  the  movable  sinkers  (fig.  509).  Having  no  joints,  and 
joined  to  the  frame  by  lead  ends,  these  sinkers  occupied  the  smallest 
possible  space.  Mounting  needles  to  correspond  to  the  sinkers,  Aston 
doubled  the  gauge  and  productive  capacity  of  the  frame  at  once. 

Improving  the  Knitting  Frame. — As  the  machine  left  William  Lee's 
hands  it  was  capable  of  knitting  plain  cloth,  and  Aston's  lead  sinkers 
added  to  its  value;  but  in  a  time  when  the  stocking  had  become  an 
important  article  of  dress,  some  variation  in  texture  and  pattern  was 
required.  Up  till  the  year  1740  no  inventive  genius  seems  to  have 
been  attracted  to  the  hosiery  trade,  for  the  knitting  frame  was  then 
in  precisely  the  state  in  which  Aston  and  James  Lee  left  it.  About 
that  year,  however,  an  improvement  on  the  knitting  frame  came  into 
the  hands  of  the  Nottingham  hosiery  manufacturers  by  a  curious  route. 
An  Irishman,  who  made  no  claim  to  being  the  inventor,  brought  to 
Nottingham  the  appliance  known  as  the  tuck  presser.  A  tuck  is  the 
technical  term  descriptive  of  loops  allowed  to  gather  on  the  needle 
without  being  passed  on  into  the  fabric. 

Tuck  Presser. — An  ordinary  presser  is  the  bar  which  comes  down 
upon  the  points  of  the  needle  hooks  and  causes  them  to  close,  so  that 
the  loops  may  pass  over  the  heads  of  the  needles  (fig.  508).  The  in- 
ventor of  this  appliance  conceived  the  notion  that  an  additional  presser, 
capable  of  selecting  certain  stitches  or  loops,  could  be  utilized  to  vary 
the  texture  of  the  knitted  fabric.  The  tuck  presser  was  a  thin  bar  of 
iron  attached  to  the  frame  presser,  but  so  as  to  admit  of  its  moving 
sideways  to  and  fro,  the  space  of  one  or  more  needles.  Grooves 
were  cut  in  its  lower  edge,  to  allow  the  beards  of  the  needles  un- 
pressed  to  pass,  while  the  others  were  pressed  by  the  teeth  of  the 
tuck  presser,  and  their  loops  brought  over  the  heads,  the  loops  on 
the  other  needles  remaining  till  brought  over  in  the  usual  way. 

By  means  of  the  added  presser  bar  a  new  course  of  development  was 
opened  up  for  hosiery  manufacture.  Hitherto  the  stitches  had  all  to 
be  lifted  at  once  and  in  the  same  way ;  but  the  tuck  presser  gave  the 
workman  a  choice  of  the  time  and  order  in  which  he  would  carry  over 
the  loops.  A  subsequent  invention,  based  upon  the  hint  conveyed 
by  the  tuck  presser,  has  been  lauded  by  trade  historians  as  the  spring 
of  the  developments  coming  from  the  idea  of  changing  the  moment 
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and   direction    of   the    stitches   on    the    hosiery   frame.       But    to    this 
unknown  inventor  the  real  credit  of  the  great  idea  belongs. 

Derby  Rib  Machines. — One  of  the  patterns  which  were  the  envy  of 
machine  hosiery  manufacturers,  was  what  has  been  known  in  the  trade 
as  ribbed,  and  in  Scotland  as  rig  and  fur,  consisting  of  a  fabric  wrought 
alternately  purl  and  plain.  As  everyone  knows,  purl  is  simply  the 
plain  stitch  reversed;  but,  though  easy  to  the  hand  knitter,  reversal 
of  the  stitch  seemed  impossible  to  the  machine.  The  prevalence  of 
the  fashion  of  ribbed  stockings  induced  many  hosiery  manufacturers 
to  attempt  devising  means  of  producing  the  effect; 
but  until  Jedediah  Strutt  took  up  the  matter  the 
problem  remained  unsolved. 

Jedediah  Strutt. — The  most  imposing  figure  in 
the  history  of  hosiery  manufacture  is  Jedediah  Strutt. 
He  combined  ability  with  good  fortune  in  a  remark- 
able degree.  That  he  was  a  man  of  genius  any- 
thing like  equal  in  mechanical  gift  to  William  Lee, 
or  several  of  the  unfortunate  inventors  to  whom 
the  hosiery  trade  is  indebted,  cannot  be  said.  He 
invented  one  appliance  only,  and  otherwise  added 
nothing  to  the  resources  of  the  hosiery  trade.  The 
machine,  known  as  the  Derby  rib  hosiery  fravie, 
however,  is  sufficiently  remarkable,  both  for  itself 
and  the  consequences  which  followed  from  its  birth. 

In  1758  Strutt  took  out  three  patents  for  his  rib- 
bing contrivance,  and  entered  into  partnership  with 
his  brother-in-law,   Mr.  Woollatt,  a  hosiery  manu- 
facturer in   Derby.     The  machine  (fig.  510)  has  been  thus  described 
by  a  local  writer: — 

"The  apparatus  added  by  Mr.  Strutt  consisted  of  an  iron  machine, 
hung  on  jointed  arms  in  front  of  the  ordinary  frame.  In  this  were 
placed  needles  of  like  form  with  those  at  work  already,  but  while  the 
row  in  Lee's  frame  is  set  horizontally,  these  were  placed  perpendicu- 
larly, and  so  as  to  enter  between  the  horizontal  ones.  The  number 
of  needles  fixed  in  the  added  machine,  and  their  relative  places  on 
the  extra  bar,  would  correspond  with  the  width  of  the  ribs  and  the 
number  of  loops  to  be  reversed  to  form  them.  Thus,  in  one  and  one 
rib,  i.e.  one  loop  formed  as  usual  and  the  next  to  be  reversed,  and 
so  on  across  the  frame — by  which  process  the  two  sides  or  faces  of  the 
web  appear  alike — there  will  be  as  many  needles  in  the  added  machine 


P"ig.  510.— Derby  Rib 
Machine 

A,  Needle,  and  B,  presser 
of  Lee's  frame,  c,  Needle, 
and  D,  presser  of  Strutt's 
machine.  E,  Movablejoint. 
F,  Vibrating  arm. 
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as  there  are  reversed  stitches  to  be  formed,  one  facing  every  other 
loop  When  all  the  old  frame  needles  have  had  their  loops  pressed, 
which  all  face  the  usual  way,  the  needles  of  the  new  machine  are 
brought  by  its  swinging  action  to  enter  between  the  old  ones  and 
penetrating  the  loop  or  loops  to  form  the  rib,  and  these  loops  being 
passed  under  their  beards,  they  are  in  the  operation  reversed,  and 
being  also  pressed  again,  pass  over  the  needle  heads  with  the  other 
loops,  but  with  the  visible  part  of  the  ribbing  loops  turned  the  other 
way. " 

With  a  market  ready  to  welcome  a  cheap  form  of  ribbed  hosiery, 
Messrs.  Woollatt  and  Strutt  quickly  won  success.  Under  the  auspices 
of  prosperity,  the  commercial  ability  of  the  farmer  developed,  and 
the  firm  prospered  amazingly.  Strutt  died  in  1797,  at  the  age  of 
seventy-one,   leaving  a  large  fortune. 

Modifications  of  the  Hosiery  Frame. — The  conspicuous  success 
of  Strutt's  ribbing  appliance  stimulated  hosiery  invention.  Ingenious 
mechanics  turned  their  attention  to  a  trade  formerly  neglected  by 
them.  One  of  the  first  to  bring  his  ambitions  to  a  practical  issue 
was  one  Butterworth,  a  poor  stocking  maker,  of  Mansfield.  He  saw 
that  Strutt's  invention  was  little  more  than  a  clever  adaptation  of  the 
principle  of  the  tuck  presser,  and  applied  his  idea  to  the  devising  of 
a  machine  for  a  purpose  still  more  ingenious.  At  that  time  openwork 
mitts,  gloves,  and  hose  were  fashionable,  and  gave  lucrative  employ- 
ment to  many  hand  workers  both  in  the  United  Kingdom  and  on  the 
Continent.  When  woven  on  the  hand  frame,  the  eyelets  were  formed 
by  the  weaver  using  a  long  rod,  called  a  tickler^  to  lift  off  the  stitches 
to  be  slipped.  Butterworth  saw  that,  by  combining  the  ribbing 
appliance  with  the  tuck  presser,  he  could  make  the  tickler  automatic. 
Unfortunately  for  him,  Butterworth  confided  in  dishonest  partners,  and 
the  patent  came  by  a  roundabout  way  into  the  hands  of  a  Nottingham 
hosier  named  Morris.  Morris  took  out  a  patent  for  the  machine  in 
1764,  jointly  with  Butterworth's  fraudulent  partners,  John  and  William 
Betts.  The  machine  showed  a  fine  ingenuity,  and  has  been  described 
as  follows: — 

"The  tuck  presser  brought  the  loops  to  be  shifted  to  the  needle 
heads;  and  in  order  to  make  the  eyelet  holes,  these  were  removed  by 
short,  flat-pointed  ticklers,  fastened  to  a  bar.  These  ticklers  covered 
the  beards,  pressed  them  into  the  grooves,  and  then  took  off  the  loops ; 
and  by  a  side  movement  placed  each  of  them  on  the  next  needle  on 
either  side,  leaving  a  series  of  fast  holes  below  the  next  course  of  loops." 
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Another  inventor,  named  A.  Else,  introduced  an  improvement  upon 
Morris's  patent.  Discarding  the  tuck  presser,  he  devised  an  apparatus 
regulating  the  tickler's  operations  on  a  sliding  needle  bar,  and  giving 
a  shogging  motion  to  remove  the  stitch  by  the  tickler  alone.  By  the 
direct  action  of  the  appliance  Else  obtained  double  the  speed  of  Morris's 
machine.  Though  the  latter  had  both  infringed  Strutt's  patent  rights 
and  stolen  the  patent  from  Butterworth,  he  pursued  Else  in  the  courts 
for  infringement  of  patent,  obtained  a  verdict  in  his  favour,  ruined 
Else,  and  then  annexed  his  improvement. 

Lace  on  Hosiery  Machines. — Morris  seems,  however,  to  have  been 
an  inventor  of  some  ability.  In  1781  he  took  out  a  patent  for  an 
improvement  on  the  hosiery  frame,  whereby  the  sinker  loop  was  put 
across  two  needles,  making  point  net.  No  invention  of  the  time  had 
more  important  after  effects  than  this  of  Morris;  it  laid  the  foundations 
of  the  edifice  of  the  machine  lace  industry. 

During  the  same  year  Josias  Crane  and  J.  P.  Porter  patented  a 
machine  for  shading,  brocading,  and  flowering — in  gold,  silver,  and 
silk — mitts,  gloves,  aprons,  and  other  articles.  Crane's  apparatus 
seems  to  have  been  modelled  on  the  harness  of  the  draw  loom,  used 
for  weaving  fancy  cloths.  The  needles  were  not  cast  into  leads,  but 
had  small  bits  of  iron  attached  to  them,  and  were  placed  in  grooves 
on  the  needle  bar,  with  a  cord  fastened  to  the  end  of  each.  A  cylinder 
roller  operated  behind  the  frame,  while  a  drawboy  brought  back,  by 
means  of  the  cords,  those  needles  necessary  for  any  given  pattern. 

An  improvement  on  this  frame  is  noteworthy  because  of  the  addition 
of  thread  carriers,  which  have  since  become  of  the  highest  service  in 
all  forms  of  knitting  frame. 

Twilled  Hosiery. — A  poor  working  man  of  Nottingham,  William 
Brockley,  made  another  contribution  to  the  development  of  hosiery 
machinery  which  came  to  be  of  importance.  On  his  machine  there 
were  as  many  ticklers  as  needles,  with  projecting  arms,  or  dogs,  on 
the  tickler  bars,  so  that  he  could  modify  the  motions  of  the  horizontal 
bars.  Working  the  frame,  he  made  two  or  three  courses  of  thread, 
one  of  them  to  be  shogged  one  or  two  needles  sideways,  according  to 
the  desired  pattern.  By  this  method  a  twilled  face  was  given  to  the 
fabric;  variation  of  the  twill  produced  a  pattern.  Brockley's  invention 
benefited  the  trade  directly  at  the  time,  and  indirectly  afterwards;  but 
he  received  no  recompense  for  his  labour,  and  died  in  poverty. 

Plated  Goods. — A  very  popular  class  of  hosiery  is  that  called  plated 
goods.     Brockley's  machine,   by  giving  a  double  face,  enabled  manu- 
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facturers  to  use  silk  or  wool  for  the  one  side  and  cotton  for  the  other. 
This  idea  was  improved  upon  by  several  machinists,  among  whom 
Robert  Ash  and  Samuel  Hague  were  the  most  remarkable.  Ash's 
machine  was  too  complex;  but  Hague,  a  dissolute  and  irregular  genius 


of  marvellous  ingenuity,  transformed  it  into  a  very  useful  appliance. 
In  his  specification  of  the  patent,  taken  out  in  1790,  Hague  described 
it  as  a  machine  added  to  the  stocking  frame,  for  making  elastic  double- 
knit  goods,  by  placing  an  apparatus  containing,  instead  of  the  former 
wires,  others  called  stumps,  cast  into  the  leads,  so  that  they  operate 
over  and  parallel  to  each  needle,  thus  doing  away  with  the  presser. 
The  Hand  Frame  and  its  Parts. — Even  in  its  simplest  form  the 
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knitting  machine  consists  of  many  small  parts,  each  one  of  which 
must  be  known  clearly  and  distinctly  before  the  whole  frame  can  be 
fully  understood.  Lee's  frame,  which  still  remains  the  basis  of  all 
others,  consisted  of  needles,  sinkers,  jacks,  slur  cock,  locker  and  bar, 
presser,  and  treadles.  Each  one  of  these  has  features  of  its  own  worthy 
of  special  attention  (figs.  511,  512). 

Needles. — The  function  of  the  knitting-machine  needle  (fig.  513)  is 
to  catch  the  yarn,  to  allow  the  loop  to  form,  and  then  to  cast  off  when 
the  action  is  completed.  As  may  be  imagined,  a  peculiar  form  of 
appliance  is  required.     The  needle  most  in  use  is  a  wire  with  a  barbed 


Fig.  513. — Needles 

A,  Needle  with  closing  slide.     B,  Section  of  closing  slide,     c.  Needle  with  pliable  barb,  and  presser  bar.     D,  E,  Needle 
with  closing  bar  or  latch.     F,  Diagram  showing  the  formation  of  a  loop  by  means  of  the  needle  with  closing  bar. 

hook  on  its  end,  flexible,  so  as  to  be  easily  bent  at  the  point.  Under 
the  point,  at  the  root  of  the  bend  of  the  hook,  a  groove  is  formed 
to  take  in  the  hook  point  when  bent  inward,  and  thus  make  a  closed 
loop  over  which  the  loop  of  yarn  may  pass.  This  needle  is  called 
the  bearded  needle  (c,  in  fig.  513). 

Another  form  is  the  latch  needle.  Invented  by  M.  Townshend  in 
1858,  this  needle  is  a  delicate  and  ingenious  contrivance.  Instead  of 
the  barb,  or  beard,  on  the  hook,  a  small  pin  is  hinged  on  the  wire 
of  the  needle  at  the  bend  of  the  hook,  the  ends  of  both  hook  and 
latch  being  formed  so  as  to  dovetail  into  each  other.  The  latch  is 
operated  by  the  yarn  and  the  movement  of  the  needles.  When  the 
needle  is  raised  the  loop  slides  down,  throws  back  the  latch,  and  passes 
down  beyond  it;  then  the  yarn  to  form  a  fresh  loop  is  fed  into  the  hook, 
and  when  the  needle  is  lowered  the  loop  slides  up  behind  the  latch, 


38  HOSIERY   AND   LACE 

closing  it  on  the  way,  and  passes  over  the  bridge  thus  formed  clean 
over  the  end  of  the  needle.  The  yarn  in  the  hook  is  thus  pulled 
through  the  first  loop  and  becomes  a  second  loop  identical  with  the 
first.  A  fresh  loop  is  formed  every  time  the  operation  is  repeated. 
The  length  of  the  loop  is  regulated  by  the  distance  which  the  needle 
is  pulled  down  (f  in  fig.   513). 

Needles  are  variously  shaped  in  stem  and  method  of  fixing.  Some, 
the  older  ones,  are  plain,  and  fixed  in  the  needle  bar;  others  are 
movable,  with  ends  of  different  forms,  to  suit  the  kind  of  work  (a 
and  B  in  fig.  513). 

Sinkers. — Thin  metal  plates,  shaped  like  blunt  hooks,  the  sinkers 
are  employed  to  depress  the  yarn  for  the  formation  of  the  loops  be- 
tween the  needles.  Lee's  frame  had  one  set  of  sinkers,  now  called 
the  jack  sinkers  to  distinguish  them  from  Aston's  additional  sinkers 
fixed  in  the  frame  bar.  Jack  sinkers  depend  from  horizontal  jacks, 
or  levers,  which  lift  or  depress  them  alternately.  When  the  loops 
are  being  formed,  the  first  action  is  the  depression  of  all  the  sinkers, 
which  gently  draw  down  that  length  of  thread  which  is  needed  for 
length  of  loop. 

Jacks. — The  jacks  are  the  levers  actuating  the  sinkers  attached  to 
them.  They  extend  to  the  inner  side  of  the  frame,  where  a  set  of 
small  springs  hold  them  in  position.  When  lifted,  the  jacks  depress 
the  sinkers;  when  freed  from  the  motion  of  lifting,  they  spring  back 
level,  and  lift  the  sinkers  again. 

Slur  Cock. — The  slur  cock  is  a  small  block  running  on  a  bar  under 
the  ends  of  the  jacks,  drawn  to  and  fro  by  a  cord  through  pulleys. 
The  cord  is  attached  at  both  ends  to  treadles  under  the  frame.  When 
the  sinkers  are  to  be  depressed,  the  weaver  brings  down  a  treadle, 
pulling  one  end  of  the  cord,  sending  the  slur  cock  running  under 
the  jacks,  lifting  them  up  and  sending  the  sinkers  down  upon  the 
yarn. 

Locker  and  Bar. — The  sinkers  require  to  be  kept  in  position  to 
allow  the  loops  to  be  formed.  This  is  the  work  of  the  locker  and 
bar.  The  locker  is  a  kind  of  long  wedge  inserted  beneath  the  jacks, 
holding  them  firmly  fixed.  At  right  angles  with  the  locker,  and 
hinged  on  its  end,  is  the  long  bar,  extending  well  over  the  side  of 
the  frame  to  be  out  of  the  way  of  the  rest  of  the  mechanisms. 

Pressor  Bar. — Hung  on  a  spring  lever  driven  by  the  centre  treadle, 
the  presser  bar  extends  horizontally  on  the  frame,  over  the  needle 
hooks.     When  the  loops  have  been  formed,  and  they  are  to  be  drawn 
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through  the  loops  of  the  previous  course,  the  presser  bar  is  brought 
down  upon  the  heads  of  the  hooks,  closing  the  beards,  changing  the 
hook  into  a  smooth  loop  of  metal,  and  allowing  the  web  to  be  drawn 
over  their  heads.  When  a  fresh  range  of  loops  have  been  thus 
brought  into  connection  with  the  rest  of  the  fabric,  the  presser  bar 
is  lifted,  releasing  the  beards  of  the  hooks  and  letting  the  loops  pass 
on  to  the  needle  stems,  to  await  the  formation  of  the  next  course. 

Though  admittedly  inferior  in  efficiency  to  the  bearded  needle,  the 
latch  needle  has  been  very  generally  adopted  because  of  this  action 
being  always  necessary  for  the  former.  The  presser  bar  restricts 
the  freedom  of  the  machinist;  whenever  he  wants  to  put  a  row  of 
needles,  he  must  accompany  it  with  a  presser  of  one  form  or  another. 
On  the  ribbed-hosiery  frame,  for  example,  two  additional  pressers  were 
required. 

Treadles. — On  the  old  hand  frame  there  were  always  three  treadles. 
The  centre  treadle  actuated  the  presser  bar;  the  treadles  to  right  and 
left  drove  the  slur  cock. 

Special  Appliances. — The  parts  detailed  constitute  the  body  of  the 
knitting  frame;  the  ribbed-hosiery  and  other  appliances  are  to  be 
regarded  as  additions.  Ticklers^  or  point  shifters,  were  originally 
slender  rods  with  which  the  weaver  lifted  one  loop  or  number  of 
loops  from  one  needle  to-  another,  to  narrow  the  web,  or  form  fancy 
patterns.  The  ticklers  were,  as  we  have  seen,  fixed  upon  a  shifter 
bar,  and  made  automatic,  beginning  that  class  of  pattern  -  forming 
machines  which  have  played  so  important  a  part  in  all  branches  of 
the  textile  industry. 

Tucking,  knotting,  figuring,  and  doubling  appliances  came  into 
the  hands  of  the  handicraft  stocking  makers,  and  were  mounted  by 
them  on  their  frames  with  singular  intelligence  and  adaptability.  We 
shall  find  these  in  their  best  forms  on  the  power-driven  frames,  and 
therefore  need  hardly  detail  them  here. 

Operations  of  the  Handicraft  Stocking  Weaver. — During  these 
past  hundred  and  fifty  years  the  tendency  towards  the  factory  system 
of  manufacture  has  steadily  increased  in  all  departments  of  industry. 
Now  and  again  a  reaction  in  favour  of  the  cottage  worker  has  seemed 
to  be  coming;  but  the  motion  has  died  down,  or  has  been  swept  into 
the  current  of  the  factory  tendency,  increasing  its  force  and  volume. 
Felkin  has  given  a  composite  picture  of  the  old  craftsman  and  his 
frame  which  is  worth  preserving  both  for  sentimental  and  practical 
reasons : — 
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"The  operations  of  the  stocking  maker  when  seated  at  his  frame 
may  be  described  as  consisting  of  eleven  motions,  in  the  formation  of 
one  series  of  loops,  or  a  'course'.  These  are  as  follows:  Throwing 
the  thread  from  a  bobbin  over  the  hooks  or  needles  by  hand.  Drawing 
the  slur  by  one  of  the  treadles  to  force  down  the  jacks  and  their  sinkers, 
and  so  to  form  the  loops  between  every  other  pair  of  needles.  Sinking 
the  lead  sinkers  down  on  the  thread,  to  divide  the  loops  between  all 
the  needles;  locking  up  the  jacks  at  the  same  time  by  the  thumbs; 
and  so  equalizing  all  the  loops  by  these  cleverly  combined  move- 
ments. Bringing  the  loops  thus  formed  to  the  needle  heads.  Throw- 
ing up  the  frame,  assisted  by  the  strong  central  spring;  pressed  over, 
in  forming  the  new  course  or  series  of  loops.  Then,  putting  down 
the  spring  bar  or  presser  by  the  foot  on  the  middle  treadle;  and, 
putting  forward  the  web  already  made,  upon  the  needle  beards,  which 
are  now  pressed  into  the  grooves  of  the  needle.  Then,  letting  the 
presser  rise,  and  at  the  same  time  bringing  the  web  over  the  needle 
heads.  Bringing  the  frame  down  to  the  bottom  standard  to  catch 
the  work  with  the  nebs  of  the  sinkers,  which  are  for  that  purpose 
made  in  the  shape  of  a  long  arch.  Taking  back  the  web  by  the 
nebs  of  the  sinkers,  holding  the  frame  firmly  down.  And,  finally, 
letting  the  frame  rise  to  the  catch  of  the  copens,  holding  the  thumbs 
firmly  to  the  thumb  plate;  and  then  quit  the  thumbs  for  another 
course.  The  slur  is  moved  for  one  course  to  the  right,  and  for  the 
next  back  to  the  left. 

"While  the  hands  are  thus  busy,  and  the  feet  moving  at  the  rate 
of  loo  yd.  in  a  minute,  the  eyes  must  keep  watch  over  the  needles 
as  to  their  soundness  and  uniformity,  and  upon  the  work,  that  it  be 
free  from  blemish  and  irregularity  in  the  lines  of  loops  traced  down 
its  length." 

Home  Work  and  Factory. — Arduous  and  exacting  as  this  labour 
is,  it  gives  the  workman  freedom  and  independence.  He  is  a  crafts- 
man, the  skilled  producer  of  commodities.  Mr.  Mundella,  himself  a 
member  of  one  of  the  leading  hosiery  firms,  thus  speaks  of  the  hand- 
frame  knitter: — 

"Notwithstanding  the  growth  of  the  factory  system,  there  is  still 
a  use  for  some  thousands  of  the  old  hand  frames;  and  the  framework 
knitters,  with  their  free  choice  of  work  hours,  their  independent  posi- 
tion, their  healthy  life  in  rural  villages,  far  from  the  tyranny  of  the 
factory  bell  and  the  noisy  and  unnatural  conditions  of  modern  manu- 
facturing   towns,    preserve   some   traces   of  the   days    before    the    tall 
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chimneys  claimed  human  beings  as  mere  details  in  a  vast  machine. 
They  may  only  be  a  survival,  but  perhaps  they  may  maintain  an 
old  tradition  until  the  dawn  of  a  coming  time  when  some  motive 
power  other  than  coal  and  steam  shall  restore  to  our  toilers  in  many 
trades  the  conditions  of  life  and  work  which  the  factory  system  has 
destroyed." 

Domestic    Knitting   Machines.— Though  the  old  hand  frame  can- 
not be  revived,    mechanical   invention   has  produced   machines  which 


Fig.  514. — "New  Domestic"  Knitting  Frame 

A,  Needle  bed.  b,  Eye  for  yarn,  c,  Carriage.  D,  Slides  in  which  the  carriage  runs.  G,  Crank.  H,  Dial 
or  counter,  j.  Nuts  for  fastening  handle  shaft.  k  k,  Stops.  L,  Rack  handle.  p,  Gibs.  Q,  Take-up  wire. 
R,  Knives,     s,  Bobbin  stand,     x,  Handle  of  machine. 

enable  the  home  worker  to  compete,  in  some  measure,  with  the  factory. 
One  of  the  newest  is  that  called  the  "  New  Domestic",  made  by  Wildt 
&  Co.,  Leicester  (fig.  514).  As  may  be  seen  from  the  section  of  the 
needle  bed  (fig.  515)  and  the  cam  action  (fig.  516),  the  machine  is  an 
adaptation  of  the  principle  of  what  is  called  the  "Double  Rotary". 
With  a  view  to  affording  a  guide  to  practical  work  upon  this  frame, 
we  give  at  length  instructions  on  the  method  of  knitting  a  stocking 
with  imitation  welt  and  elastic  welt,    i  and   i. 
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The  Welt  and  Leg. — Set  hands  i  and  2  at  12.  Set  hands  3  and  4  at  5. 
All  stops  out.  Whatever  number  of  needles  are  required  to  be  set  up  for 
stocking's  or  socks  must  be  pushed  up  by  needle  stops  or  springs  from 
centre  of  needle  bed,  front  and  back.  After  the  desired  number  of  needles 
have  been  set  up  (omitting-  every  fourth  needle  so  as  to  form  the  imitation 
welt),  pull  in  right-hand  back  stop  k.  (This  will  cause  the  needles  to  cross, 
to  enable  yarns  to  catch  in  the  two  rows  of  needles  for  setting-  up.) 


F'g-  S'S- — Section  of  Needle  Bed,  showing  A,  needle;   B,  needle  link  or  heel;   c,  hook;   D,  latch; 
F,  needle  stop  or  spring 

Turn  crank  twice  round,  to  open  latches  of  needles,  and  leave  crank  to 
right.  Place  the  bobbin  of  yarn  (which  must  be  evenly  and  firmly  wound) 
on  pin  of  bobbin  holder;  pass  the  end  of  yarn  up  through  the  eye  of  yarn 
stand,  down  through  the  eye  near  thumb  nut  B  of  yarn  carrier,  then  through 
the  -^-shaped  eye,  through  the  yarn  guide,  and  finally  down  between  the 
jacks,   leaving  it  hang-ing^  about  8  inches. 

Pull  in  left-hand  back  stop.  Crank  to  left,  and  push  back  lock  u  through. 
Push  out  rig-ht-hand  back  stop.      Push  in  right-hand  front  stop.      All  needles 


Fig.  516. — Cam  Action 

H  H,  Needles  pushed  up,  in  and  out  of  action,     i,  Needles  out  of  action,  not  pushed  up.     T,  Lock  plate, 
u.  Lock,     w  w,  Right  and  left  wing  cams,     x,  V  or  centre  cam. 

will  now  be  out  of  action,  to  enable  carriage  to  be  moved  at  will,  and  to 
enable  selvedge  to  be  cast  on. 

Take  the  long-  setting--up  comb  in  left  hand,  pass  it  up  through  the  jacks, 
and  between  the  stitches  which  will  have  caught,  and  slip  the  wire  throug-h 
the  eyes  of  comb,  hang  on  welt  holder  to  comb  and  secure  yarn  to  it.  Crank 
to  right.  Push  up  needles  by  their  heels  or  kinks  until  the  yarn  slips  below 
the  latches.  Cast  on  back  row  of  needles  by  taking  yarn  in  right  hand,  pass 
it  back  of  needle  to  right,  then  to  left  by  passing  it  over  the  latch  of  needle, 
drawing  down  each  needle  with  thumb  of  left  hand  until  the  yarn  slips  over 
the  head  of  needle,  and  so  on  until  back  row  is  finished.  Now  bring  crank 
to  left  and  repeat  same  operation  on  front  row.  When  this  is  finished  have 
all  stops  out. 
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Hang  in  yarn  to  take-up  wire  q.  Set  dial  H  at  loo  and  knit  one  round. 
Put  on  weight  to  holder.  Knit  30  rounds  and  leave  crank  to  left.  Push  up 
every  fourth  needle  by  its  spring  that  has  been  left  vacant,  and  pick  up  next 
stitch  and  hang  it  on  to  these  needles.  Set  dial  at  100.  Knit  a  sufficient 
number  of  rounds  for  leg. 

To  Narrow  the  Calf. — Crank  at  left.  With  large  narrowing  comb  raise 
the  needles  on  right-hand  back  by  putting  end  of  comb  next  but  one  to  centre 
or  seam  needle,  now  lift  the  needles  as  high  as  they  will  come,  press  comb 
firmly  down,  when  the  stitches  will  slip  off  the  needles  on  to  the  comb,  tilt  the 
points  of  the  comb  slightly  upwards  to  prevent  the  stitches  slipping  off,  then 
carefully  transfer  the  stitches  to  the  empty  needles,  moving  the  whole  lot  one 
needle,  or  next  to  seam  or  centre  needle.  Pull  down  empty  needle  on  back  row. 
Crank  to  right.  Repeat  narrowing  operation  on  left-hand 
back  row,  not  forgetting  to  pull  down  empty  needle.  Knit 
5  rounds.  Crank  to  left.  Repeat  narrowing  operation 
again  on  right-hand  back,  and  take  the  front  stitch  right 
hand  on  to  empty  needle  at  back.  Pull  down  empty 
needle  on  front.  Crank  to  right.  Repeat  same  narrow- 
ing operation  on  left,  not  omitting  to  take  the  front  stitch 
on  to  empty  needle  at  back,  and  pull  empty  needle  down 
at  front.  Knit  5  rounds.  Repeat  these  two  styles  of  nar- 
rowing until  as  many  needles  are  down  at  each  corner  of  Fig.  517— Heel  Former 
machine  as  are  desired,  always  knitting  5  rounds  between  a,  Heel  wire;  b,  Cross- 
the  narrowings.  When  the  last  5  rounds  have  been  knitted  D^weight.  "^  '  °  " 
set  dial  at  5,  and  knit  desired  number  of  rounds  for  ankle. 

After  ankle  is  finished  have  crank  at  left.  Push  in  right-hand  stops.  Set 
hand  i  at  5.  Set  hand  2  one  number  finer  than  what  it  has  been  working  at. 
Set  hand  4  as  hand  2.  The  front  row  of  needles  will  now  be  out  of  action, 
in  order  to  allow  the  operator  to  form  the  back  portion  of  the  heel. 

Heel. — In  order  to  clearly  understand  how  the  right  number  of  half- 
rounds  are  obtained  to  form  the  heel,  attention  must  be  paid  to  the  follow- 
ing example :  Count  number  of  stitches  on  back  row,  and  whatever  number 
remain  on  must  be  divided  into  three  equal  parts,  two-thirds  being  used  to 
form  the  sides  of  the  heel,  and  one-third  to  form  the  back.  Now,  suppose 
27  remain  on,  18  would  be  two-thirds,  and  6  half-rounds  added  would  be  24, 
the  exact  number  of  half-rounds  to  form  the  heel.  Again,  if  33  are  on  the 
back,  22  would  be  two -thirds,  and  6  half-rounds  added  would  be  28,  the 
right  number  of  half-rounds  to  form  the  heel;  and  lastly,  if  36  are  on  the 
back,  24  would  be  two-thirds,  6  half-rounds  added  would  be  30,  the  exact 
number  of  half-rounds  to  form  the  heel.  After  this  is  perfectly  understood, 
count  number  of  stitches  on  back  row.  Knit  6  half-rounds.  Put  in  the  heel 
wire  A  (fig.  517)  over  the  knitting  between  the  jacks  and  hang  on  the  cross 
piece  B  to  same,  after  which  take  off  weight  holder  c  and  weight  d  from  welt 
and  hang  on  to  this  A.  Now  finish  number  of  half-rounds  to  form  the  heel, 
always  carefully  holding  heel  down  with  left  hand  to  prevent  its  riding  up 
over  heads  of  needles  or  being  cut  by  the  front  knife.  Crank  at  left.  Drop 
front  bed.  Now  take  long  knitting  needle  in  right  hand  and  pass  one  end 
through  one-third   stitches,   right-hand  back,  until   they  are  on  this  needle, 
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then  push  up  needles  by  their  heels,  until  the  stitches  slip  below  the  latches, 
and  draw  the  empty  needles  down  to  bottom  of  bed.  Crank  to  right.  Re- 
peat the  transfer  of  stitches  in  the  same  manner  on  to  another  knitting-  needle 
at  left-hand  back,  not  omitting  to  pull  down  empty  needles.  Crank  to  left. 
Put  end  stitch  off  knitting  needle  on  to  end  needle  right-hand  back.  Crank 
to  right.  Repeat,  putting  end  stitch  off  knitting  needle  on  to  end  needle  left- 
hand  back.  Crank  to  left.  Hang  on  to  heel  the  hook  and  on  to  this  hook 
hang  holder  and  light  weight.  Repeat  the  operation  of  transferring  stitches 
from  knitting  needles  on  to  end  needles,  moving  crank  first  to  right  and  then 
to  left  after  each  transfer.  When  the  last  stitch  remains  on  each  knitting 
needle,  put  the  one  at  right  hand  on  first,  then  put  the  other  on  from  the  left- 
hand  stocking  needle  and  turn  crank  to  right.  Take  out  the  square  heel  wire, 
weight,  and  holder.  Push  up  two  empty  needles,  left-hand  front.  Push  up 
one-third  empty  needles  on  back  that  were  used  to  form  side  of  heel  along 
with  two  extra  ones ;  open  latches  of  same.  Drop  back  bed.  Pick  up  side 
stitches  of  knitting  and  hang  them  on  to  back  row,  left-hand,  and  the  two 
that  will  remain  on  to  the  two  front  empty  needles.  Push  up  both  beds. 
Crank  to  left.  Drop  both  beds.  Repeat  the  operation  of  pushing  up  needles 
front  and  back  right-hand  and  pick  up  side  stitches,  hanging  them  on  to 
empty  needles  back  and  front,  as  was  done  on  left.  Push  up  both  beds. 
Hang  holder  and  weight  on  to  welt.  Push  out  right-hand  stops.  Set  hands 
I  and  2  at  12.     Set  hands  3  and  4  at  5.     Set  dial  at  100.     Knit  two  rounds. 

To  Narrow  the  Gore  or  Gusset.  — Crank  at  left.  Raise  two  needles,  right- 
hand  front,  and  lift  over  one  needle  on  to  third  needle.  Pull  down  empty 
needle.  Crank  to  right.  Repeat  transfer  on  left,  not  omitting  to  pull  down 
empty  needle.  Knit  2  rounds.  Raise  one  needle  from  right  hand  and 
transfer  to  next ;  lift  stitch  off  back  needle  and  put  on  to  front  needle,  and  pull 
down  empty  needle  on  back.  Crank  to  right.  Repeat  transfer  on  left,  not 
omitting  to  lift  back  stitch  on  to  front  and  pull  down  empty  needle  on  back. 
Knit  2  rounds.  Raise  one  needle  right-hand  front,  and  transfer  to  next. 
Pull  down  empty  needle.  Crank  to  right.  Repeat  same  narrowing  on  left. 
Knit  2  rounds.  Lift  stitch  off  back  right-hand  needle,  and  put  on  to  full 
needle  front.  Pull  down  empty  needle.  Crank  to  right.  Lift  stitch  off  back 
left-hand  needle  on  to  full  needle  front.  Pull  down  empty  needle.  Knit  2 
rounds.  If  the  narrowing  has  been  done  right  the  dial  will  stand  at  10,  which 
number  of  rounds  must  be  counted  in  the  foot. 

The  Toe. — Crank  at  left.  With  narrowing  comb  with  three  eyes  raise 
three  needles  right-hand  back,  and  transfer  over  two  needles  on  to  fifth.  Pull 
down  the  two  empty  needles.  Repeat  same  operation  left-hand  back.  Pull 
down  the  two  empty  needles.  Crank  to  right.  Repeat  same  transfer  right 
and  left  hand  front,  not  omitting  to  pull  down  the  two  empty  needles  at 
each  corner.  Knit  5  rounds.  Continue  to  narrow  thus,  until  three  or  four 
stitches  remain  on  the  needles,  knitting  four,  three,  or  two  rounds  after 
each  narrowing,  according  to  size  of  stocking.  Crank  at  left.  Take  off  all 
weights.  Break  yarn  6  inches  from  end  needle.  Push  up  left-hand  back 
needle  until  the  yarn  slips  below  the  latch,  twist  the  yarn  over  the  latch  as 
when  casting  on  the  welt,  but  pull  the  yarn  through  the  loop.  Pull  down 
empty  needle.    Twist  the  yarn  over  left-hand  needle  front,  in  the  same  manner 
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pulling-  the  end  of  yarn  through  the  loop,  and  repeat  thus  till  all  needles  are 
empty,  when  take  stocking-  off  machine.  Thread  a  stocking-  needle  with  the 
end  of  yarn  left  in  stocking,  run  the  needle  across  the  toe  twice  and  finally 
up  the  side  stitches  in  toe,  when  cut  the  yarn  close  to  the  work. 

After  taking  out  wire  and  comb,  pull  the  stocking  welt  apart  until  the 
cross  stitches  are  seen,  which  carefully  cut  and  draw  out. 

To  Make  the  Elastic  Welt  i  atid  i  for  Stockings  and  Socks. — Hands  i  and  2 
at  12.  Hands  3  and  4  at  5.  Set  up  desired  number  of  needles,  from  centre 
of  bed,  front  and  back,  but  not  as  in  the  imitation  welt  where  fourth  needle  is 
omitted.  Pull  in  right-hand  back  stop.  Turn  crank  round  leaving  it  at  right. 
Thread  up  as  for  imitation  welt.  Crank  to  left.  Set  up  comb  as  usual,  and 
hang  on  weight.  All  stops  out.  Knit  one  round,  but  before  coming  to  ex- 
treme left,  push  in  left-hand  front  stop.  Pull  in  right-hand  back  stop.  Set 
all  hands  alike,  say  at  10.  Knit  desired  number  of  rounds  by  working  crank 
from  above,  i.e.  from  right  to  left,  as  there  is  no  necessity  to  turn  the  crank 
round.  When  welt  is  finished  have  crank  at  left.  Cut  the  yarn  close  to  work, 
take  hold  of  the  weight  holder  with  left  hand,  turn  the  crank  to  right  and  the 
work  will  drop  out  of  machine. 

To  Hang  in  the  Welt  i  and  i. — Let  all  needles  remain  as  they  have  been 
for  working  welt,  turn  crank  once  round,  set  hands  i  and  2  at  12.  Set  hands 
3  and  4  at  5.  All  stops  out.  Push  up  again  by  springs  all  needles  used  in 
working  the  welt,  until  the  heads  are  level  with  the  jacks.  Drop  both  beds. 
Ravel  a  few  stitches  from  the  end  of  welt  by  the  yarn.  Commence  to  hang 
in  the  welt  by  putting  the  first  stitch  on  to  seam  of  centre  needle,  advancing 
stitch  by  stitch  to  right  hand.  When  the  end  is  reached,  turn  the  welt  and 
proceed  in  same  manner  towards  the  left,  and  when  that  end  is  reached,  turn 
the  welt  again  and  proceed  until  the  whole  of  the  stitches  are  hung  in  the 
machine,  then  drop  the  yarn  that  has  been  unravelled  between  the  jacks. 
Push  up  both  beds.  Thread  up  machine  as  usual,  but  do  not  put  the  yarn  in 
the  take-up  wire  Q  until  a  few  stitches  have  been  taken,  then  put  the  yarn 
in  and  work  as  ordinary  knitting. 


CHAPTER    II 
Power  Frames 


Application  of  Power  to  Hosiery  Machinery. — During  the  latter 
half  of  the  eighteenth  century  power  was  being  applied  to  many  of 
the  processes  of  manufacture.  Horse  power,  water  power,  and  steam 
power  successively  came  into  use  as  drivers  of  machines.  James  Watt 
had  taken  out  his  comprehensive  patent  for  his  steam  engine,  as  an 
agent  capable  of  application  to  all  kinds  of  machines,  in  1784,  and 
previously,  Arkwright  had  employed  horse  power,  and  then  discarded 
it   for  water  power.      The    hosiery  frame,    however,   was    incapable  of 
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being  driven  by  any  other  than  intelligent  human  energy  up  till  about 
1791,  and  a  preliminary  stage  of  development  necessarily  intervened 
between  the  rotary  and  the  hand  knitting  frame.  This  was  supplied 
by  what  is  known  as  the  xvarp  frame. 

Tarratt's  Warp  Frame. — Some  doubt  has  arisen  regarding  the  real 
authorship  of  the  warp  frame,  but  both  evidence  and  probability  point 
to  James  Tarratt  of  Nottingham  as  the  inventor.  Hensen  thus  describes 
the  first  warp  frame : — 

"The  star  boxes  and  falling  bar  were  taken  away  from  the  common 
stocking  frame,  and  the  lockers  were  fastened  to  prevent  the  jacks 
from  falling.  A  series  of  guides,  of  the  same  number  and  gauge 
as  the  needles  of  the  frame,  with  holes  in  their  ends,  were  fixed  on 
a  bar  near  the  heads  of  the  needles.  At  the  top  was  a  warp  beam 
furnished  with  as  many  threads  as  there  were  needles,  and  a  machine 
to  guide  these  warp  threads  to  the  needles,  each  passing  through 
its  guide.  A  part  of  the  machine  was  adapted  to  make  each  thread 
to  form  a  loop  like  th  it  which  schoolboys  make  on  a  string.  This 
alone  would  only  have  produced  a  series  of  looped  strings.  But  by 
another  movement  a  spring  was  applied,  and  the  guides  were  removed 
one  needle  to  the  right  or  left  at  pleasure;  and  by  the  same  movements 
being  repeated  in  looping,  the  two  next  and  every  next  loop  was  con- 
joined to  its  fellow  loop.  By  removing  the  guides  two  or  more  needles 
to  the  right,  and  then  working  the  same  number  of  courses  to  the  left, 
a  knitted  web  was  produced  of  zigzag  angular  texture,  and  vari- 
coloured stripes  could  be  made." 

The  product  of  this  machine  was  a  genuine  cloth,  which  does  not 
fray  out,  but  must  be  cut  to  be  shaped.  As  each  thread  combined 
with  its  neighbour,  forming  weft  and  warp,  the  fabrication  was  swift 
and  intimate.  At  one  time,  indeed,  it  was  thought  that  the  warp 
frame  would  altogether  displace  the  loom,  and  supply  the  long- 
desired  perfectly  automatic  weaving  machine.  But  looping  is  not 
weaving,  and  flat  combination  of  two  sets  of  threads  produces  a 
wholly  different  effect  from  the  looping  together  of  threads,  no  matter 
how  closely  accomplished.  The  warp-frame  cloth  was  only  a  true 
cloth  in  so  far  as  it  firmly  secured  each  stitch  and  could  be  handled 
like  a  solid  fabric.  Any  shape  of  garment  could  be  made  of  it,  but 
the  hosiery  character  remained,  and  the  automatic  weaving  machine 
was  not  the  warp  frame. 

Dawson's  Wheels. — With  all  its  adaptability  the  warp  frame  was 
difficult   to  work,   the  changes  for   pattern   having   to   be  effected    by 
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hand.  William  Dawson,  a  frame-knitter  of  Leicester,  discovered  a 
way  by  which  rotary  power  could  be  applied.  He  devised  a  wheel 
irregularly  notched  on  the  edge,  which,  in  revolving,  acted  upon 
horizontal  bolts,  equipped  with  springs.  The  notches  on  the  wheel 
pushed  the  bars  in  the  order  the  pattern  required.  From  this  device 
sprang  the  whole  class  of  rotary  machines.  Not  only  were  number- 
less variations  of  pattern  thus  rendered  easy  of  accomplishment  by 
mechanical  means,  but  the  driving  of  the  knitting  frame  itself  was 
brought  into  form  for  the  application  of  power. 

Rotary  Machines. — Dawson's  wheels,  and  subsequent  improve- 
ments noted,  were  in  operation  about  1800.  Though  obviously  lacking 
in  the  powers  which  were  necessary  to  make  them  complete  knitting 
machines,  no  practical  improvement  was  effected  upon  them  for  nearly 
forty  years.  Everybody  seemed  content  with  the  rotaries  which  knitted 
plain  leg  bags,  or  specially  fancy  fabrics,  while  the  great  desideratum 
for  the  trade  was  a  frame  which  could  automatically  fashion  goods. 
Lengths  of  cloth,  which  are  shaped  by  hand  off  the  machine,  con- 
stitute a  very  small  part  of  the  hosiery  trade.  By  far  the  greater 
bulk  of  the  trade  is  in  fashioned  articles.  In  1838  Luke  Barton  made 
the  first  attempt  at  converting  the  rotary  frame  into  an  automatic 
knitter  of  fashioned  goods.  His  machine  was  the  first  rotar}'^  frame 
in  which  the  stitches  were  shifted  automatically.  The  action  was 
performed  by  a  novel  set  of  sinkers  and  an  adaptation  of  the  tickler 
bars,  causing  the  narrowing  to  take  place  automatically.  Particulars 
of  this  machine  need  hardly  be  detailed,  because,  though  a  practical 
success,  it  was  displaced  by  others  more  effective  in  the  same  model. 

Paget's  Frames.  —  Mr.  Arthur  Paget,  a  member  of  a  hosiery 
firm  of  Loughborough,  took  out  a  patent,  in  1857,  for  improvements 
in  hosiery  machinery  whereby  *'it  was  made  self-acting,  narrowing 
without  loss  of  time,  and  which  might  be  put  to  inanimate  power", 
to  quote  the  quaint  phraseology  in  which  it  was  originally  described. 
In  his  specification  Mr.  Paget  professed  to  make  the  following 
changes: — 

"Using  levers  without  joints  or  pins  actuating  the  sinkers  or 
their  equivalents.  Holding  needles  by  their  hooked  or  cramped 
ends,  in  a  cut  bar  or  comb.  A  presser  bar  working  behind  the 
sinkers,  pressing  and  relieving  the  needles  at  proper  times.  Knock- 
ing over  the  work  by  wiping  the  loops  over  the  needle  heads  by  a 
bar.  By  a  double-grooved  pulley  arranged  to  draw  across  once 
during  a  part  of  each  revolution,  and   in   opposite  directions  during 


48  HOSIERY   AND   LACE 

each  alternate  revolution.  Producing  a  selvage  in  any  part  of  the 
width  of  the  frame  by  throwing  out  of  action  one  or  more  sinkers 
for  a  time.  Making  combs  or  bars  with  cut  brass  or  iron  backs  on 
which  gauge  depends,  and  casting  divisions  on  the  backs  in  soft 
metal,  so  that  the  gauge  of  the  bar  may  not  be  affected  by  the 
casting  of  divisions." 

Two  years  after,  Mr.  Paget  modified  his  machine  in  the  following 
particulars : — 

"  By  using  a  sinker  to  each  needle,  actuated  direcdy  by  an  incline 
and  supported  on  each  side  by  a  grooved  bar,  kept  in  position  by  a 
spring.  Using  a  presser  bar  with  gaits  or  grooves  for  the  sinkers 
to  slide  through,  the  walls  of  such  grooves  pressing  the  needle  beards. 
Producing  a  selvage  on  any  needle  in  the  frame  by  means  of  the 
arrangement  of  a  thread  layer  working  exactly  to  and  stopped  at  the 
required  needle.  Knocking  the  work  over  the  bar  by  pieces  of  steel 
plate  and  securing  them  in  gaits  or  grooves  in  a  bar  of  metal." 

In  i860  Mr.  Paget  patented  a  further  improvement,  which  finally 
brought  the  frame  to  such  efficiency  that  it  has  been  described  as 
the  "beau  ideal  of  what  Lee's  machine,  with  the  application  of  auto- 
matic power  throughout  all  its  various  movements  in  making  fashioned 
work,  ought  to  be ".  In  general,  these  improvements  may  be  thus 
summarized : — 

"Thread  carriers  acting  by  an  incline  made  to  descend  and  pass 
between  the  needles  at  the  end  of  each  course.  By  alternating 
knitting  web  and  narrowing  or  widening  it,  or  making  changes  in 
the  web  by  moving  cams  or  levers  endwise  in  the  directions  of  their 
axes,  and  another  set  of  levers  to  be  employed  in  narrowing,  widening, 
or  changing  the  knitting  process.  Doing  this  by  self-acting  motion, 
by  hand  or  pulley,  without  arresting  revolving  cams.  By  stopping 
the  catch  block.  By  changing  or  suspending  the  speed  of  the  rotary 
motion." 

Introduction  of  the  Jacquard  on  Rotary  Frames. — From  1836  to 
1865  the  activity  of  hosiery  inventors  was  incessant.  As  we  have 
hinted,  hardly  one  of  those  improvements  is  without  some  significance 
and  value;  but  most  of  them  have  passed  out  of  practical  use,  having 
been  superseded  by  others  or  rendered  obsolete  by  the  changes  in 
fashion.  Those  only  which  mark  definite  points  in  historical  de- 
velopment can  be  taken  into  our  account.  Luke  Barton  continued 
working  at  improving  the  rotary,  and  in  1854  brought  out  a  new  nar- 
rowing apparatus,  and  patented  it  in  conjunction  with  Messrs.   Hine> 
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Mundella,  &  Co.,  of  Nottingham.  The  apparatus  was  applied  to  the 
ordinary  stocking  frame.  Up  till  that  time  only  one  pair  of  fashioned 
hose  could  be  woven  on  a  machine.  Barton's  appliance  gave  the  knitter 
power  to  weave  any  number  of  hose,  from  two  to  ten,  without  additional 
labour.     The  patentees  thus  specified  its  action  and  structure: — 

"The  thread  carrier  is  lifted  up  through  the  needles,  and  the  jacks 
follow,  passing  over  them ;  when  arrived  at  the  other  side,  the  thread 
carrier  descends  through  the  needles,  being  stopped  and  secured  up 
to  the  stop  by  a  clutch  cam.  The  frame  is  then  sunk  down  and  the 
loops  are  divided  in  the  usual  way.  The  loops  are  brought  forwards, 
pressed  over,  the  work  is  put  back,  and  a  treadle  being  depressed 
pushes  in  the  ticklers  and  is  held  in  the  bolt  in  the  catchbox.  The 
action  of  the  frame  is  then  reversed ;  and  a  cam  acting  on  a  bar 
depresses  the  tickler  points  in  the  needle  eyes,  and  the  loops  are 
brought  on  ticklers,  which  then  rise  and  are  shogged  aside  the  space 
of  so  many  needles  as  are  required  for  the  narrowing.  The  ticklers 
are  depressed  into  the  needles;  the  frame  is  brought  forwards,  descends, 
and  carries  back  the  work.  The  ticklers  next  rise  off  the  needles,  the 
pin  in  the  cam  drives  back  the  bolt  liberating  the  spindle  bar,  which 
is  again  brought  into  position  by  the  spring.  Thus  the  course  is 
finished  ready  for  repetition." 

As  may  be  observed,  the  form  of  the  old  frame  is  retained,  with 
the  added  appliances.  Later  in  the  same  year  Messrs.  Hine,  Mun- 
della, &  Co.,  in  conjunction  with  a  clever  inventor  named  William 
Onion,  took  out  another  patent,  in  which  a  bolder  course  was  adopted, 
the  structure  of  the  frame  being  modified. 

"Instead  of  using  a  fixed  frame  and  machine  needles,  a  movable 
frame  and  machine  needles  are  employed,  working  in  fixed  combs. 
The  sinkers  are  also  movable,  and  work  in  the  same  combs  by  curved 
plates.  A  small  sliding  presser  and  thread  guides  are  used.  The 
machine  is  a  rotary  one.  In  the  old  rotary  frames  the  threads  are 
laid  on  the  needles,  the  jacks  are  drawn,  and  the  sinking,  locking, 
pressing,  and  knocking-over  cams  form  the  remainder  of  the  course. 
All  these  movements  are  made  in  the  present  machines  by  means 
of  curved  plates,  the  course  being  completed  in  the  same  time  as 
the  jacks  are  drawn  in  on  the  old  frame,  thus  producing  two  courses 
in  the  same  time  as  one  from  the  old  frame." 

In  1857  Messrs.  Hine,  Mundella,  &  Co.  took  out  a  further  patent, 
for  a  frame  making  ribbed  fabrics  faced  alike  on  both  sides,  on  a 
simple  and  effective  plan. 
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"There  are  employed  two  sets  of  needles,  each  affixed  to  a  movable 
needle  bar,  with  a  stationary  presser  bar — but  these  are  not  new.  The 
machine  part  which  carries  the  sinker  bar,  hand  bar,  and  spring  bar 
is  stationary  in  place  of  having  a  motion  given  to  it;  the  knocking-over 
bar  being  affected  by  the  motions  given  to  the  needle  bars.  The  parts 
are  operated  upon  by  a  rotary  motion.  When  lead  sinkers  are  used  as 
well  as  jack  sinkers,  the  lead-sinker  bar  will  have  a  rising  and  falling 
motion  given  to  it,  to  cause  those  sinkers  as  well  as  the  jack  sinkers 
to  form  loops." 

Cotton's  Inventions. — Manufacturing  firms  had  taken  up  the  duty 
of  invention  very  early  in  the  nineteenth  century;  instead  of  isolated 
men  of  genius,  without  capital  or  the  leisure  to  pursue  thoroughly 
their  ideas,  wealthy  manufacturers  gave  long  and  laborious  attention 
to  the  subject,  employing  frequently  the  highest  mechanical  skill,  and 
often  themselves  possessed  of  ability.  William  Cotton,  of  Lough- 
borough, was  one  of  the  latter  class;  he  had  high  mechanical  gifts, 
which  he  used  for  the  improvement  of  the  machines  operated  in  his 
own  factory.  Between  1851  and  1863  he  took  out  several  patents; 
but  the  last,  patented  in  1863,  was  the  most  successful  and  most 
permanently  useful.  The  object  of  the  frame  and  the  improved  de- 
vices upon  it  was  to  widen  and  narrow  fabrics  automatically  on  a 
power-driven  basis.  Mr.  Felkin  quotes  a  very  lucid  description  of  it, 
which  we  subjoin: — 

"  The  needles  in  this  machine  are  of  the  ordinary  shape,  and  are 
placed  perpendicularly,  the  beards  and  heads  uppermost.  The  presser 
bar  is  stationary,  and  acts  by  the  pressure  of  the  needles  upon  its  edge, 
they  being  placed  in  front  of  it.  The  jacks  are  placed  behind  the 
needles  and  in  an  upright  position  on  a  jack  wire,  and  have  a  round 
head  working  backwards  and  forwards,  acting  upon  the  jack  sinkers, 
with  which  they  are  connected  by  pushing  them  forwards;  they  them- 
selves being  forced  up  by  a  slur  cock,  and  follow  the  thread  forming 
the  loops  in  the  usual  way.  The  lead  sinkers  divide  the  loops  with 
the  jack  sinkers  by  the  operation  of  a  locking  bar;  the  needles  fall 
lower,  and  passing  the  divided  loops  the  beards  are  pressed  in  the 
act  of  being  carried  down,  and  the  loops  are  carried  over  the  needle 
heads  by  means  of  fixed  instruments  devised  for  the  purpose.  A 
new  and  perfect  course  is  thus  formed  and  added  to  the  former  work. 
The  jacks,  sinkers,  and  other  movements  of  the  interior  parts  of  this 
machine  are  affected  and  controlled  by  cams,  locker  bars,  slat,  &c. 
The   widening   and    narrowing  are   brought  about    by   the   action   of 
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ticklers  having  one  or  more  points  in  each,  and  which  are  placed  on 
a  movable  rod  so  ingeniously  and  accurately  adjusted  as  to  obey  a 
side  movement  either  way,  to  the  extent  of  the  distance  of  one  needle 
only,  whatever  may  be  the  gauge;  and  to  take  off,  remove,  and  put 
on  to  the  next  needles  any  number  of  stitches  required.  The  narrowed 
selvage  is  perfect;  the  widened  one  sufficiently  so." 

On  a  20-gauge  frame  thirty  courses  per  minute  can  be  done  with 
this  machine.      It  is  swift,  and  supplies  very  good  work. 


5 1 3. — Rotar>-  Rib-top  Frame 


Rotary  Rib-top  Frame. — Several  frames  for  knitting  rib  tops  by 
power  w^ere  invented ;  but  the  only  one  of  the  older  models  which  is 
still  at  work,  and  therefore  of  practical  interest,  is  that  patented  by 
Hine,  Mundella,  &  Co.  This  frame  (fig.  518)  produces  eight  rib  tops 
at  once.  Each  separate  rib  top  is  made,  as  in  the  hand  frame,  with 
a  "welt",  a  slack  course  for  setting  on,  then  a  few  courses  to  protect 
the  latter,  and  lastlv  another  slack  course  which  is  cut  through  when 
the  single  tops  are  separated. 

The  needle  bar  with  the  frame  needles  is  moved  horizontally,  and 
the  sinkers,  therefore,  only  need  to  rise  and  fall;  the  machine  needles, 
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also,  only  rise  and  fall.  The  leads  of  the  machine  needles  are  fixed 
on  a  rail  fastened  to  a  thin  rod  by  two  arms;  this  rod  lies  in  bearings 
on  the  arms  seen  at  the  side  of  the  machine,  actuated  by  cams,  which 
cause  the  needles  to  move  outwards  against  the  presser.  The  ordinary 
frame  presser  is  used,  so  that  it  acts  twice  in  every  course.  The  arms 
swing  from  a  horizontal  shaft,  and  are  so  held  by  the  springs  attached 
above  that  they  bring  the  needles  up  to  their  highest  position,  which 
is  regulated  by  a  bar  lying  in  a  fork  at  the  side. 

For  making  the  welt,  the  machine  must  be  thrown  out  of  action 
as  soon  as  the  first  course  has  been  made.  The  workman  therefore 
disengages  the  mechanisms  which  bring  the  machine  needles  forward 
to  the  presser  bar,  and  they  miss  being  pressed  while  the  plain  courses 
are  being  worked ;  at  the  same  time  the  machine  needles  are  held  down 
under  the  frame  needles.  Because  the  plain  courses  do  not  require 
such  long  loops,  the  bar  which  regulates  the  length  of  the  loops  is 
raised.  After  the  plain  courses  are  finished,  the  falling  bar  is  again 
let  down,  and  ribwork  made. 

Subsequent  Improvements  on  the  Rotary. — Improvements  are 
constantly  being  made  upon  knitting  machines,  though  later  alterations 
have  been  in  small  details  rather  than  in  the  main  body  of  the  knit- 
ting frames.  The  form  and  adjustments  of  the  needles,  the  Jacquard 
cylinders,  the  pattern  chains,  and  various  other  appliances  are  altered 
to  suit  special  purposes;  but  these  details  belong  rather  to  factory 
practice,  and  can  only  be  observed  there.  One  firm  specializes  in 
one  kind  of  hosiery,  and  another  in  a  widely  different  kind,  both 
requiring  to  adjust  the  knitting  frames  to  the  requirements  of  their 
trades.  In  selecting  machines  for  examination  we  have  sought  to 
give  an  insight  into  the  general  principles  of  hosiery-machine  con- 
struction rather  than  to  teach  the  working  of  any  single  set  of 
machines.  This  has  perhaps  involved  the  omission  of  many  names 
worthy  of  remembrance,  and  of  machines  highly  ingenious  and  in- 
teresting in  themselves,  but  a  mere  list  of  all  the  patents  taken  out 
for  hosiery  machinery  during  the  past  fifty  years  would  occupy  many 
pages.  The  student  anxious  to  perfect  his  knowledge  in  this  branch 
will  find  it  much  more  profitable  to  go  to  the  nearest  branch  of  the 
Patent  Office,  and  there  he  will  find  all  the  drawings  and  specifications 
to  hand. 

Single-needle  Machine. — A  very  useful  little  machine  is  that  known 
as  the  single-needle  knitting  frame.  It  is  to  be  seen  working  in  most 
factories,    and    with    some   slight   variations    in    detail;    but    its    main 
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features  are  the  single  needle^  the  looper,  the  comb  and  rack,  and  the 
compound  wheel,  the  functions  of  the  last  being  very  ingeniously 
combined. 

The  details  of  the  machine  (figs.   519,  520)  are  as  follows:  a,  bed 

plate;  b,  horizontal  shaft 
carrying  wheel  c,  which 
moves  the  rack,  needle,  and 
looper;  D,  stud  in  wheel  c 
engaging  with  slot  u  in 
needle  carrier  t,  thereby 
giving  reciprocating  motion 
to  needle  y;  e,  cam  groove 
in      wheel      c,      imparting 


Fig.  5ig. — Hinckley's  Single-needle  Knitter 


reciprocating  motion  to 
looper  carrier  j  and 
looper  M,  by  means  of 
stud  F;  G,  tumbler 
operating  reversing  fins 
on  wheel  c;  h,  rack; 
I,  comb;  k,  arm  carry- 
ing looper;  p,  plate 
attached  by  bent  arm 
p'  (fig.  519)  to  base  of 
machine,  and  provided 
with  spring  plate  o  re- 
gulated by  screw  and 
spring  R;  N,  projec- 
tions on  plate  p  be- 
tween which  the  needle 


Fig.  520.— Hinckley's  Single-needle  Knitter:   Section  showing  principal  parts 


Y  and  the  comb  i  play;  Q,  rod  attached  underneath  comb  i,  which 
serves  to  keep  the  stitches  or  loops  of  fabric  on  the  teeth  of  the  comb ; 
s,  stud  for  sleeve  of  needle  carrier  t;  l,  needle  guide  on  looper  carrier  j; 
w,  tension   plate  for  thread,  adjusted  by  v;    x,  y,  z,  eyes  in   needle; 
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«,  driving  wheel;  h,  friction  wheel  on  axle  b.  The  needle  is  shown 
turned  up  for  threading,  and  the  dotted  lines  in  section  show  its 
working  position. 

When  working,  the  needle  reciprocates  in  an  arc  under  the  comb, 
the  crank  pin  on  the  side  of  the  driving  wheel  causing  the  motion. 
Above  the  comb,  governed  in  movement  by  the  same  wheel,  through 
the  agency  of  a  pin  on  the  arm,  the  looper  performs  a  half-circle. 

Bringing  the  needle  and  sinker  to  their  rearmost  positions,  and 
having  a  loop  on  each  tooth  of  the  comb,  the  knitter  sets  the  frame 
going,  and  causes  the  needle  to  pass  under  the  comb  and  through 
one  of  the  loops,  which  it  lifts  off.  The  sinker  then  comes  forward 
over  the  comb,  inserting  its  point  between  the  yarn  and  the  side  of 
the  needle.  At  this  moment  the  needle  recedes,  leaving  the  sinker 
in  possession  of  the  loop,  while  the  old  loop  drops  into  the  form  of  a 
stitch;  then  the  sinker  recedes,  dropping  the  new  loop  on  the  comb. 
The  latter  now  moves  forward  a  tooth  of  the  rack,  and  is  ready  for 
the  formation  of  another  loop. 

These  successive  acts,  occurring  on  very  small  instruments,  follow 
each  other  with  incredible  rapidity,  and  a  row  is  quickly  formed.  By 
means  of  movable  stops,  adjustable  to  any  distance,  the  work  can  be 
shaped  to  any  form  desired. 

Flat-web  Knitter. — Some  flat  frames  are  as  wide  as  50  in.,  but 
the  average  size  is  much  less,  from  45  in.  down  to  23  in.  being  about 
the  common  range.  On  the  frame  most  generally  employed  the 
needles  are  horizontal,  and  are  of  the  bearded  form.  They  are  ranged 
over  the  bed  of  the  frame.  Above  the  row  of  needles  two  bars  usually 
sit,  the  one  the  presser  and  the  other  the  knocking-over  bar  or  plate. 
As  a  rule  the  slur  cock  runs  above  the  sinkers,  which  are  directly 
over  the  bends  of  the  needles.  A  sliding  yarn  guide  runs  along  the 
head  of  the  frame. 

Going  forward  to  take  up  the  working  of  a  flat  frame,  we  find  the 
meshes  in  the  forward  position,  the  last-formed  stitches  being  near 
the  rear  ends  of  the  needles.  First,  we  move  the  yarn  guide  along 
the  frame,  laying  the  yarn  on  the  stems  of  the  needles.  Almost  at 
the  same  moment  the  slur  cock  follows,  depressing  the  sinkers,  which 
press  the  yarn  down  into  loops  between  the  needles.  The  latter  are 
now  drawn  backwards,  and  let  the  looped  yarn  pass  in  under  the 
beards  of  the  hooks.  Next,  the  presser  bar  descends  and  closes  the 
beards  of  the  needles,  which  then  go  forward,  entering  the  old  loops 
of  the  fabric.     The  sinkers  rise,  and  the  needles  recede  to  their  former 
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rearmost  position,  and  the  old  loops  are  pulled  over  their  heads  by 
the  knocking-over  plate  or  bar.  This  causes  the  new  loops  to  be 
secured.  Again  the  needles  come  forward,  while  the  sinkers  again 
descend  in  front  of  the  fabric,  and  the  bar  pushes  the  formed  loops 
well  back  on  the  needle  stems.  In  this  position  we  are  once  more 
ready  to  make  another  course.  The  loops  are  formed,  pass  under 
the  needle  beards,  and  are  drawn  through  the  loops  on  the  stems  of 
the  needles  as  before.  No  matter  what  new  form  the  flat  web  may 
have  been  given,  this  is  the  method  by  which  it  weaves. 

Double  Rotary  Knitting  Frames.— The  highest  class  of  knitting 
frame  is  what  may  be  called  the  double  rotary.  Every  maker  has  his 
own  special  kind  of  this  frame,  and  inventors  are  still  busy  evolving 
new  shapes.  In  main  structure  and  principle  of  operation,  however, 
the  class  is  distinct  and  common.  Having  acquired  the  ability  to 
operate  one,  the  worker  can  very  well  undertake  to  understand  any 
other,  with  a  very  little  trouble. 

The  frame  consists  of  a  double  bed,  the  edges  inclined  upwards 
towards  the  centre  and  each  other,  with  a  space  between  wide  enough 
to  allow  the  work  to  pass  through.  Across  each  bed  parallel  grooves 
are  cut,  and  in  the  grooves  lie  the  needles,  their  heads  towards  each 
other.  It  is  at  the  ends  of  the  stems  of  the  needles  that  very  consider- 
able differences  may  be  found.  Some  are  operated  from  above  the  bed, 
and  others,  the  older  forms,  from  below ;  again,  we  have  the  more 
recent  Jacquard  motion  operating  the  needle  stems  from  underneath. 

Avoiding  complexity  for  the  present,  let  us  take  the  older  model, 
which  operates  the  needle  stems  from  below,  by  means  of  adjustable 
cams.  On  this  frame  there  are  two  sets  of  cams,  one  for  each  row 
of  needles.  A  set  of  cams  consists  of  the  flat  plate,  with  a  diagonal 
slot  through  the  centre,  two  wing  cams  extending  to  each  side  of 
the  plate,  and  a  V-shaped  cam  fixed  by  screws  in  position  over  the 
slot.  A  carriage  arched  over  the  needle  beds  carries  both  sets  of  cams. 
The  needles  on  the  double  frame  are  generally  of  the  latch  type,  presser 
bars  being  unnecessary — in  fact,  there  is  no  room  for  them.  A  hori- 
zontal yarn  guide  passes  under  the  arch  of  the  carriage  and  feeds  the 
yarn  to  both  sets  of  needles.  As  the  carriage  to  which  the  cams  are 
attached  is  drawn  along  the  frame  and  over  the  needles,  the  latter 
are  carried  up  on  one  side  of  the  V-shaped  cam  in  the  groove  or  space 
between  that  and  the  wing  cams,  the  yarn  guides  at  the  same  time 
delivering  the  yarn  to  the  needles,  which  are  then  drawn  down  by 
the  wing  cams  on  the  other  side,  thus  forming  the  loops. 
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The  plate  or  slide  is  shifted  by  adjustable  cam  stops  placed  at 
the  ends  of  the  needle  beds  coming  into  contact  with  its  projecting 
base.  As  the  plate  comes  in  contact  with  the  right-hand  cam  stop, 
the  screw  is  forced  up  the  diagonal  slot,  and  brings  up  the  V-shaped 
cam,  thus  closing  the  space  between  it  and  the  wing  cams.  The 
needles  having  no  outlet,  pass  beneath  without  operating.  By  adjust- 
ment of  the  cam  stops,  either  or  both  of  the  cams  may  be  left  open 
or  closed  at  the  same  time,  so  as  to  operate  two  rows  of  needles  sepa- 
rately, alternately,  or  together,  thus  making  four  distinct  forms  of 
knitting. 

Extensions  of  this  principle  are  obvious.  On  many  of  these  frames 
the  Jacquard  attachments,  familiar  to  weavers  of  cloth,  are  employed, 
with  fine  effect.  Instead  of  the  slotted  cams,  a  small  octagonal  cylinder 
is  placed  behind  the  frame,  and  in  contact  with  the  needle  ends.  An 
endless  chain  of  cards,  perforated  with  holes  to  let  through  those 
needles  which  are  to  be  left  out  of  operation  at  each  row  of  knitting, 
is  hung  on  the  cylinder,  and  the  cards  are  brought  round  in  succession 
by  the  operation  of  the  frame.  The  carriage  in  passing  acts  upon 
those  needles  left  up,  sinking  the  loops  and  drawing  the  needles 
through  them  to  form  the  web. 

As  the  needles  are  self-acting,  forming  links  of  their  own  accord 
with  the  loops  depressed  by  the  sinkers,  another  opening  to  ingenious 
design  has  been  presented,  of  which  manufacturers  have  not  been  slow 
to  take  advantage.  On  some  frames  of  this  type  as  many  as  six  rows 
of  needles  are  operated  at  one  time,  making  spots,  checks,  and  figures 
with  automatic  facility.  The  knitting  action  of  the  machine  differs 
in  no  way  from  that  of  any  other  straight  frame. 

Brunei's  Circular  Knitting  Machine. — Mechanical  knitting  has 
been  twice  invented,  the  second  invention  being  credited  to  Sir  Marc 
Isambard.  Brunei,  the  famous  engineer.  That  Brunei  patented  a  cir- 
cular knitting  machine  he  named  the  Tricoteiir,  in  1816,  the  Patent 
Office  records  testify;  but  of  the  priority  of  his  invention,  some 
doubt  exists. 

Brunei's  circular  knitter  has  been  thus  described: — 

"The  needles  are  firmly  fixed  on  the  external  rim  of  a  wheel  or 
frame  suspended  from  and  fixed  to  a  rotating  spindle.  They  are 
placed  in  concentric  direction,  and  at  distances  according  to  the  de- 
sired quality  and  quantity  of  work  to  be  produced.  Another  wheel 
moves  on  the  spindle,  carrying  arms  and  knitting  machinery,  besides 
the  bobbins  of  yarn  to  feed  the  machine.     The  thread  as  it  is  delivered 
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is  pressed  down  between  the  needles  by  pallets,  and  is  carried  under 
the  hooks.  By  an  oblique  movement  the  thread  is  pushed  to  the 
extremity  of  the  needles  by  the  first  arm.  The  second  arm  carries 
a  small  wheel  with  long  teeth  like  radii.  The  solid  part  of  this 
wheel  presses  the  needle  beards  into  their  grooves,  and,  taking  the 
web  already  formed,  slides  each  stitch  over  the  heads  of  the  needles, 
upon  which  the  third  arm  carrying  a  wheel  throws  the  stitches  over 
the  needle  heads.  A  fourth  arm,  carrying  a  wheel  like  the  second, 
places  the  stitches  clear  of  the  needle  heads  or  hooks.  Several  sets 
of  these  wheels  may  be  fixed  round  the  spindle  wheel." 

A  Practical  Example  of  the  Circular  Knitting  Machine. — Made 
by  Messrs.  Cooper,  Corah,  &  Sons,  Leicester,  this  machine  (fig.  521) 
is  based  on  Brunei's  patent.  The  needles  a  are  fixed  in  a  ring  B, 
having  a  tubular  axis  c  provided  with  a  grooved  wheel  d  driven  by 
a  belt  E.  The  beards  of  the  needles  (not  shown)  are  turned  outwards, 
and  are  acted  upon  by  the  looper  wheel  f,  the  sinker  wheel  G,  and  the 
landing  wheel  h,  by  means  of  the  wings  j.  The  looper  and  sinker 
wheels  are  carried  by  shafts  kk,  and  pressed  downwards  by  springs  ll; 
the  depth  of  the  engagement  with  the  needles  is  regulated  by  the  nuts 
M  M,  having  notched  flanges  nn,  engaging  with  spring  pawls  00.  The 
landing  wheel  h  is  carried  by  a  plate  p,  adjustably  secured  to  a  disc  Q 
attached  to  a  stationary  shaft  R  within  the  axis  c.  The  end  of  this  shaft 
is  square  and  fits  within  the  bracket  s,  being  secured  by  a  set  screw  t. 
The  thread  u  passes  from  bobbin  v  to  thread  guide  w,  which  delivers 
it  under  the  looping  wheel  F,  which  presses  the  thread  between  the 
needles  and  under  the  beards.  Next  follows  the  sinker  wheel  g,  which 
shapes  the  loops.  Then  the  presser  roller  x  closes  the  beards  of  the 
needles,  whilst  the  landing  wheel  h  pushes  the  loops  on  the  back 
of  the  needles  over  the  beards,  thus  drawing  a  new  loop  through 
each  loop  of  the  row  preceding,  and  forming  a  course.  The  knocking 
over  in  this  machine  is  effected  by  the  stationary  wedge  y,  carried 
by  the  bracket  z,  which  forces  the  work  backwards  along  the  needles, 
leaving  them  ready  for  the  formation  of  the  next  row  of  loops.  The 
finished  work  is  kept  tight  by  the  horizontal  pull  of  a  weighted  cord 
(not  shown).  The  brackets  a,  d,  c,  respectively  carrying  the  wheels 
F  and  G,  and  the  presser  roller  x,  are  fixed  to  an  arch  d,  secured  to 
the  bed  e. 

Peter  Claussen. — In  1845  Peter  Claussen,  of  Brussels,  took  out  a 
British  patent  "for  an  improvement  on  circular  machines  making 
looped   fabrics",   the   specification  describing  a  new  kind   of  feeding 
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wheels,  the  employment  of  pressure  wheels  varied  in  circumference  so 
as  to  produce  different  patterns,  and  the  use  of  steel  needles. 

Claussen  exhibited  one  of  these  machines  at  Nottingham,  for  the 
inspection  of  the  trade,  and  demanded  a  royalty  for  their  use.  But, 
though  his  patent  was  not  challenged,  the  Nottingham  hosiers  would 
have  nothing  to  do  with  the  machine. 

Undaunted  by  the  coldness  of  his  reception,  the  Belgian  took  out 
another  patent  for  further  improvements  in   1847. 

"  By  employing  hooks  to  revolve  with  the  needles,  and  attaching  a 
winding-up  apparatus — not  one  of  the  least  curious  and  useful  append- 
ages of  this  circular  frame.  For  such  is  the  rapidity  and  quantity  of 
production,  that  to  roll  up  the  web  as  it  is  made  is  absolutely  necessary 
for  many  purposes." 

Other  Inventors  of  Improvements  on  the  Circular  Knitter. — The 
perseverance  of  Claussen,  and  the  undoubted  value  of  the  machine, 
had  effect,  and  circular  knitters  rapidly  came  into  use.  British  inventors 
began  to  pay  attention  to  the  machine.  In  1847  M.  Townshend, 
already  mentioned  as  the  inventor  of  the  latch  needle,  took  out  his 
first  patent,  which  was  for  a  machine  like  that  of  a  point-net  frame 
applicable  to  the  ordinary  stocking  frame.  Some  years  later,  his  atten- 
tion having  been  called  to  the  circular  knitter,  he  devised  improve- 
ments upon  it,  for  which  he  took  out  a  patent  in  1854.  This  he 
described  as — 

*'The  application  of  jointed  guides  to  the  machinery  of  double- 
barred  knit  goods,  so  making  the  figured  patterns  on  both  sides; 
throwing  threads  on  one  row  of  needles  or  hooks  to  form  the  pattern, 
and  carrying  surplus  threads  round  the  other  row  of  needles  to  form 
the  pattern  on  the  contrary  sides;  sliding  needles  or  hooks  may  be 
used,  moved  by  the  Jacquard  in  any  direction.  Using  rows  or  circles 
of  double-ended  needles  having  hooks  or  beards  at  both  ends,  and 
forming  loops  by  a  peculiar  method.  By  placing  double  rows  of 
circles  of  needles  in  an  inclined  position  in  lines  crossing  each  other, 
each  needle  when  depressed  draws  a  thread  to  make  a  new  course  with- 
out the  use  of  loop  wheels  or  sinkers.  To  make  a  broad  rib  it  requires 
points  to  be  used  in  combination.  Making  circular  knitted  warp 
fabrics,  by  using  a  row  of  tumbler  needles  having  hinged  beards, 
circularly  placed  with  lever  guides  to  carry  the  threads  forming  the 
fabric." 

Aided  by  a  clever  framework  knitter,  named  Thomas  Thompson,  of 
Nottingham,  Messrs.  Hine,  Mundella,  &  Co.  brought  out  a  patent  for 
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converting  the  plain  circular  into  a  ribbing  machine.  This  was  the 
most  important  advance  which  had  been  made  on  the  circular  frame 
from  Claussen's  time.  The  device  is  in  use  at  the  present  time  with 
very  slight  alterations. 

*'  In  this  the  thread  from  the  cop  is  carried  under  the  frame  needle 
beards  by  a  looping  wheel.     As  these  needles  are  carried  round,  they 

are  depressed  by  the  lower  part  of 
the  collar,  thereby  bringing  their 
beards  to  the  frame  presser;  and 
after  pressing,  the  work  is  knocked 
over  by  the  top  of  the  collar.  The 
work  is  then  drawn  back  ready  for 
the  machine  presser  to  operate  upon 
it,  at  which  point  a  plate  draws  the 
machine  needles  back,  and  the  work 
is  knocked  over;  the  frame  needles 
rise,  and  the  machine  needles  are 
thrown  out.  The  course  is  then 
repeated." 

Modern        Circular       Rib  -  top 
Frames.  —  Among    the    many    im- 
provements of  Messrs.  Hine,  Mun- 
della,  &  Co.'s  machine  we  find  two 
which   are   so   typical    as   to   stand 
for  the   rest.       The  one    is  called 
the    "  Acme  "    Rib-top    machine, 
and  upon  it  the  worker  performs 
the  aciion  which  calls  the  ribbing 
mechanisms  into  play  (fig.    522). 
The  other  is  an  advance  on   the 
"Acme".    It  is  automatic  in  every 
particular   (fig.    523),    the    pattern 
being  operated  by  a  kind  of  dobby  chain. 

Being  in  the  hands  of  practical  machinists,  the  circular  frame  may 
be  said  to  have  passed  the  stage  of  invention.  Improvements  effected 
on  such  a  system  may  be  highly  ingenious  and  extremely  important, 
but  they  belong  to  the  province  of  commerce,  and  special  notice  of 
them  is  unnecessary. 

Moses  Mellor  is  one  man,  however,  to  whom  special  reference 
should  be  made,  to  complete  the  account  of  the  circular  knitter  as  we 
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now  have  it.  **On  seeing  Brunei's  round  stocking  frame,"  says  Mr. 
Felkin,  "which  had  been  placed  at  Nottingham  Exhibition,  Mellor 
improved  it  by  placing  the  needles  perpendicularly  instead  of  radiating 
in  a  horizontal  circle,  and  operated  them  outside  by  an  indented  loop- 
wheel  roller;  and  still  further  to  secure  the  perfectly  equal  division 
of  the  loops,  in  1849,  he  caused  another  similar  wheel  to  follow  it. 
Both,  being  bevelled,  brought  up 
the  loops  under  the  needle  heads; 
a  wheel  acting  as  a  presser  then 
placed  on  the  beards  of  the  needles 
under  the  grooves,  when  an  inside 
bevel  wheel  brings  the  work  already 
made  from  the  stems  of  the  needles, 
and  takes  it  over  the  beards,  whence 
a  fourth  bevel  wheel  passes  it  over 
the  needle  heads,  and  an  instrument 
follows  to  take  down  the  web  to 
the  stems  of  the  needles  for  a  new 
course.  The  round  frame  thus 
arranged  formed  the  loops  more 
equally,  independently,  and  safely, 
and  consequently  with  increased 
speed,  so  as  to  thoroughly  establish 
its  use." 


Practical  Work  on  the  Circular 
Hosiery  Frames. — In  the  course 
of  our  survey  of  the  developing 
circular  frame,  at  its  various  stages, 
we  have  seen  most  of  the  varia- 
tions likely  to  be  met  with  in  prac- 
tical work.  Operating  upon  a 
plain  circular  knitter  there  are  six 

wheels.  In  order  to  obtain  a  clear  view  of  their  operations  let  us  con- 
centrate our  attention  upon  them,  leaving  the  general  structure  of  the 
type  of  machine  for  examination  on  those  of  higher  class. 

Upon  this  machine  we  find  the  bearded  form  of  needle  still  in  use; 
the  needles  are  fixed  around  the  periphery  of  the  cylinder.  Assuming 
that  a  start  has  been  made,  and  that  a  row  of  stitches  has  been  cast  on, 
we  find  them  on  the  stems  of  the  needles.  The  yarn  for  the  new  row 
is  delivered  through  the  eye  in  the  end  of  the  guide,  and  taken  and 


Fig.  523. — "Acme"  Rib  Automatic  Machine 
{T.  Grieve  &  Co.) 
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pushed  up  under  the  beards  of  the  needles  by  the  loop  wheel,  which, 
as  we  have  seen,  was  devised  originally  by  Moses  Mellon  The  wings 
of  the  next  or  sinker  wheel  then  press  the  yarn  in  between  the  needles 
to  make  sure  that  there  shall  be  a  sufficient  quantity  of  yarn  to  form 
the  loops  of  the  right  size.  Next,  the  presser  wheel  comes  into  play; 
the  needle  beards  are  pressed  in  so  that  their  points  enter  the  grooves 
of  the  stems,  the  yarn  being  thus  firmly  enclosed  within  the  hook. 
At  the  same  moment  the  landing  wheel  brings  the  old  loops  up  above 
the  points  of  the  needles.  In  this  position  the  old  loops  are  taken 
by  the  knocking-over  wheel  and  thrown  entirely  over  the  heads  of 
the  needles,  which,  holding  the  new  loops,  draw  them  through.  The 
presser  wheel  has  now  passed,  and  the  beards  of  the  needles  are 
open.  The  new  loops,  now  secured,  are  drawn  down  on  to  the  stems 
of  the  needles,  ready  for  the  next  course. 

Adjustable  Circular  Knitters. — As  we  have  already  hinted,  there 
are  many  varieties  of  circular  frames.  Some  are  operated  singly  and 
others  are  set  together  in  frames  operated  by  one  drive,  the  circular 
machines  being  called  ''heads"  (fig.  524).  In  general  structure,  how- 
ever, the  differences  are  so  slight  as  to  be  safely  ignored. 

The  round  bedplate  is  fixed  on  a  strong  stand,  capable  of  sustaining 
the  driving  gears  and  the  vibrations  of  the  machine  itself.  Round  the 
grooved  rim  of  the  bedplate  is  laid  a  loose  ring  provided  with  a  guide 
for  conducting  the  thread  to  the  needles  of  the  frame.  Within  the  ring 
sits  the  cam  cylinder — a  solid  short  tube  having  an  annular  groove 
interrupted  by  a  cam  part,  the  cams  being  adjustable.  This  cylinder 
derives  its  motion  from  a  bevel  gear  connected  to  the  drive,  which  may 
be  either  a  hand  crank  or  a  shaft  and  belt  connected  with  the  engfine 
of  the  factory.  Inside  the  cam  cylinder  is  the  needle  cylinder,  carrying 
as  many  needles  in  the  circle  as  the  gauge  of  the  frame  admits.  The 
needles  are  tumbler  or  latch  needles,  the  frame  having  no  presser  bar. 

It  is  upon  the  cams  on  the  outer  cylinder  that  the  whole  action  of 
the  circular  frame  depends.  These  constitute  grooves  for  the  guidance 
of  the  needles,  bringing  them  up  to  receive  the  thread,  and  down  to 
form  the  loop,  drawing  the  thread  through  the  loop  already  formed 
on  the  stem  of  the  needle.  When  a  continuous  round  web  is  being 
knitted,  the  cam  cylinder  revolves  continuously,  causing  the  needles 
to  rise  and  fall  in  regular  succession.  At  the  point,  however,  when 
a  flat  piece  is  to  be  formed,  such  as  the  heel  portion  of  a  stocking, 
all  the  needles  are  drawn  up,  save  those  necessary  for  the  breadth 
of  flat  web  or  heel.     Instead  of  running  round  the  needle  cylinder, 
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as  formerly,  the  cam  cylinder  moves  to  and  fro  on  the  needles  remain- 
ing in  action,  knitting  the  flat  piece.  To  keep  the  thread  guide  suffi- 
ciently far  in  advance  of  the  descending  needles  to  bring  the  thread 
within  catching  distance,  pins  are  placed  in  the  bedplate  which  engage 
the  heel  of  the  thread  carrier,  and  stop  it  just  at  the  point  where  the 
cam  cylinder  stops. 

On  the  old  circular  frames,  and  some  of  those  still  sold  for  domestic 


Fig.  524. — Circular  Knitting  Frame 


knitters,  the  adjustments  and  the  lifting  of  the  needles,  as  well  as  the 
reciprocating  motion  of  the  cam  cylinder  when  making  the  flat  web, 
are  all  done  by  hand;  but  the  circular  frames  mostly  employed  auto- 
matically perform  those  actions. 

An  American  Knitter. — The  following  is  the  specification  of  one 
among  the  many  American  automatic  circular  knitting  frames  which 
have  been  patented  in  Great  Britain  during  recent  years.  It  stands 
as  a  type  of  the  class. 

"The  method  of  forming  full-fashioned  stockings,  which  consists 
in  taking  up  the  full  number  of  stitches  required  to  form  the  top  of 
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the  leg,  knitting  a  few  circular  courses,  dropping  a  portion  of  the 
stitches,  knitting  a  few  courses  on  the  remaining  needles  by  feeding 
each  yarn  to  the  same  row  of  needles  in  both  directions  throughout 
the  said  courses,  thereby  forming  two  short  sections  of  flat  webs;  then 
throwing  out  of  action  one-half  of  the  remaining  needles,  knitting  a 
toe  bulge  by  knitting  a  given  number  of  courses  back  and  forth,  and 
narrowing;  and  then  a  corresponding  number  of  courses  and  widening 
at  the  same  time  uniting  the  widened  portion  to  the  narrowed  portion; 
then  throwing  into  action  the  needles  last  thrown  out  of  action ;  then 
knitting  a  sufficient  number  of  courses  to  form  the  greater  portion  of 
the  foot;  then  widening  a  number  of  courses  to  form  a  gusset,  or  gore, 
in  the  bottom  of  the  foot;  then  knitting  the  heel  bulge  in  the  same 
manner  as  the  toe  bulge,  and  upon  the  same  side  of  the  tube  as  the 
gusset  or  gore;  then  knitting  a  series  of  circular  courses  to  form  the 
ankle;  then  widening  upon  the  same  die  of  the  tube  as  the  heel  bulge 
till  all  the  needles  first  thrown  out  of  action  are  again  in  operation; 
then  knitting  a  series  of  circular  courses,  using  the  whole  of  the  needles 
to  complete  the  whole  desired  length  of  the  leg;  then  throwing  out  of 
action  and  dropping  the  stitches  from  the  same  needles  that  were  first 
thrown  out,  repeating  the  foregoing  operation  as  many  times  as  said 
stops  from  the  path  of  one  rack  bar  to  the  path  of  the  other  rack  bar, 
and  vice  versa." 

The  "Terrot"  Circular  Knitter. — One  of  the  frames  which  have 
largely  helped  to  displace  the  larger  rotary  machines  is  that  known 
as  the  "Terrot",  made  in  this  country  by  Wildt  &  Co.,  Leicester 
(fig,  525).  It  is  a  circular  frame  with  bearded  needles,  with  large 
loop  wheels  placed  obliquely,  carrying  movable  sinkers.  Behind  each 
loop  wheel  we  find  a  knocking-over  motion,  with  a  small  presser  wheel; 
as  soon  as  the  sinkers  of  the  loop  wheel  have  brought  the  stitches 
between  the  beards  and  in  front  of  the  heads  of  the  needles,  the  beards 
of  the  needles  are  pressed  by  the  small  presser  wheel,  and  the  old 
stitches  are  knocked  over  the  new  ones  by  the  knocking-over  motion 
with  the  vertical  jacks,  so  that  the  new  stitches  have  no  time  to  slip 
back.  The  threads  run  through  a  regulator  placed  in  front  of  the 
loop  wheels,  giving  an  even  stitch.  The  automatic  stop  motion  acts 
upon  the  breaking  of  a  thread. 

Patterns  on  the  "Terrot"  Frame.— On  the  ordinary  "Terrot" 
frame  fancy  patterns  can  be  produced  by  using  vari-coloured  yarns, 
by  introducing  threads  of  different  colours  in  successive  courses,  and 
by  the  addition  of  presser  wheels.     The  presser  wheel   is   simply  a 


POWER   FRAMES 


65 


Fig.  525. — The  "Terrot"  Circular  Knitter 


round  flat  disc  turning  on  an  axis  above  the  needles,  the  beards  of 
which  it  presses  into  the  eyes.  The  designer,  however,  must  take 
care  that  the  number  of  needles  corresponds  with  the  pattern. 
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Tucking. — The  turning  of  the 
frame,  and,  of  course,  the  needles, 
causes  the  cut-presser  wheel  to 
revolve,  the  teeth  forming  stitches 
only  upon  those  needles  which 
they  touch  and  press,  whilst  on 
those  needles  which  lie  in  the  open 
spaces  of  the  wheel,  and  whose 
beards,  therefore,  remain  open, 
the  old  stitches  are  pushed  back 
with  the  new  loops,  thus  forming 
tuck  stitches.  As  the  loops  which 
are  not  formed  into  stitches  give 
a  little  of  their  thread  to  adjacent 
stitches,  the  latter  are  enlarged 
and  stand  out  on  the  face  of  the 
work.  When  different  colours 
are  used,  each  colour  is  seen  on 
the  face  of  the  work  only  when 
the  stitches  are  completed  and 
not  when  the  thread  lies  as  a  loop 
at  the  back  of  the  work. 

Fancy  Fabrics  on  the  "Ter- 
rot"  Frames. — As  may  be  in- 
ferred, the  frames  described  can 
be  adapted  easily  for  fancy  work. 
On  what  is  called  the  *'  Fairy 
Web"  frame,  net  or  openwork 
fabrics  are  made  (fig.  526). 
''Eyelet  holes",  says  Mr.  H. 
Wildt,  "are  produced  by  de- 
priving certain  needles  of  their 
stitches,  which  are  transferred 
to  the  adjacent  needle;  conse- 
quently a  hole  or  opening  is 
produced.  This  is  accomplished 
by  making  the  latter  move 
direcdy  under  the  needle  considered.  The  loop  on  the  upper  needle, 
when  subsequently  moved  along  the  beards  of  the  said  needles,  is  also 
passed  over  the  head  of  the  lower  needle,  so  that  the  loop  is  then 


Fig.  526. — The  "Terrot"  Fairy  Web  Frame  for  Fancy 

Fabrics 
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divided  between  the  two  needles  and  hangs  partly  over  each.  The 
upper  needle  is  subsequently  pressed  down,  whereby  the  half  loop 
thereon  is  pushed  off  the  said  needle,  thus  producing  a  hole  in  the 
fabric;  also,  since  the  adjacent  needle  was  not  pressed  simultaneously, 
the  loop  still  remains  under  the  beard  thereof,  and  has  thus  become 
transferred." 

For  producing  two  or  more  stripes  of  any  desired  length  or  width, 
an  apparatus  is  adjusted  to  the  plain  frame.  A  guide  wheel  carries 
the  various  threads  through  tension  regulators,  one  thread  within 
reach  of  the  sinkers  of  the  loop  wheels,  and  the  other  threads  held 
outside  very  firmly  while  the  slack  thread  is  looped.  A  dobby  chain 
acts  as  regulator,  according  to  pattern,  and  reverses  the  direction  or 
sequence  of  the  threads.  When  a  change  occurs,  the  working  thread 
is  cut  off  automatically  by  a  pair  of  scissors,  and  is  held  in  readiness 
for  working  again  when  required. 

To  make  fancy  patterns,  the  "Jacquard"  principle  is  applied.  Two 
different  threads  are  used,  one  of  which  can  be  thrown  to  the  front  at 
will.  In  this  machine  the  loop  wheels  are  filled  with  various  shapes 
of  sinkers,  which  work  in  conjunction  with  a  tuck-presser  wheel.  On 
those  needles  where  the  presser  wheel  acts,  the  loops  are  formed  as 
in  plain  fabric.  When,  however,  a  needle  is  not  pressed,  and  a  tuck 
would,  in  the  ordinary  course,  be  formed,  a  sinker  of  different  design 
places  the  yarn  under  the  needle,  thus  avoiding  a  tuck  stitch  and 
forming  a  figure. 

The  "XL"  Automatic  Rib  Knitting  Machine. — Automatic  machines 
tend  to  develop  complexity.  The  skill  acquired  by  the  operative  in 
manipulating  the  simpler  machines  is  rendered  useless;  mastery  in 
the  factory  is  transferred  from  the  knitter  to  the  mechanic.  The 
actual  labour  of  knitting  is  done  by  the  machine;  the  worker  is  only 
a  minder.  For  every  change  of  stitch,  or  alteration  in  fashioning,  a 
separate  mechanism  is  required,  and  when  all  these  are  assembled 
in  a  single  machine  the  delicate  adjustment  of  part  to  part  calls  for 
the  skill  of  the  trained  mechanic.  It  is  quite  impossible,  therefore, 
to  obtain  by  mere  examination  of  such  a  machine  enough  knowledge 
to  operate  it.  For  the  sake  of  illustration,  however,  and  to  make  our- 
selves acquainted  with  the  main  principles  that  operate  in  this  class  of 
machine,  we  have  elected  to  examine  in  detail  the  *'XL",  which  is  one 
of  the  newest  and  best  of  circular  knitters.  In  their  provisional  specifi- 
cation the  builders  and  inventors  of  this  machine  have  given  a  clear 
and  distinct  account  of  the  frame,  and  the  methods  of  its  operation. 
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"This  invention  has  reference  to  knitting  machines  of  the  circular 
type,   for  the  production  of  seamless  tubular  fabrics,  and  has  for  its 

object  the  production  of  a 
machine  by  means  of  which  a 
change  from  the  one  kind  of 
combination  of  rib  to  another, 
or  to  plain  fabric,  or  vice  versa, 
may  be  automatically  effected. 
"  In  a  machine  constructed 
according  to  this  invention 
for  the  purpose  named,  two 
grooved  needle  cylinders  are 
employed,  disposed  endwise 
relatively  to  each  other,  prefer- 
ably in  vertical  positions  and 
stationary,  the  upper  needle 
cylinder  being  supported  by  a 
bridge  or  one  or  more  arms 
detachably  or  otherwise  con- 
nected to  the  cam  shell  or  cam 
carrier  of  the  lower  cylinder. 

"Two  kinds  of  needles  are 
preferably  employed,  viz.  the 
ordinary  latch  or  single-hook 
needles,  and  double-ended 
needles,  the  latter  having  a 
hook  at  each  end. 

"  The  double-ended  needles 
are  those  by  which  the  change 
of  rib  is  effected,  they  being 
transferred  from  one  cylinder 
to  the  other  at  required  times, 
to  effect  the  variations  in  the 
fabric,  by  drawing  the  loops 
to  the  other  side  of  the  fabric, 
as  will  be  understood. 

"The  said  double-ended 
needles  are  placed  in  the  cylinders  in  such  alternation  or  combination 
with  the  ordinary  needles  as  the  required  change  in  the  fabric  neces- 
sitates. 


Fig.  527. 


"  XL"  Automatic  Knitting  Machine  (T.  Grieve 
&  Co.,  Leicester) 
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"Assuming,  for  example,  that  i/i  rib  fabric  is  to  be  made,  and  it 
is  desired  to  change  it  to  a  3/1  rib,  the  needles  would  be  arranged 
as  follows: — 

"An  ordinary  needle  in  every  alternate  groove  in  one  cylinder, 
preferably  the  lower,  and  in  the  upper  cylinder  alternate  grooves  are 
also  filled  with  needles,  but  each  alternate  needle  is  a  double-ended 
one,  which  upon  being  slid  or  transferred  into  the  opposite  empty 
groove  in  the  lower  cylinder,  will  present  an  alternation  of  three 
needles  in  one  cylinder,  with  one  in  the  other  cylinder,  being  the 
required  arrangement  to  produce  a  3/1  fabric. 

"It  is  obvious  that  by  using  double-ended  needles  for  the  loops 
to  be  transferred,  changes  in  the  combination  of  rib  to  plain  fabric 
may  be  effected. 

"The  double-ended  needles  are  shorter  than  the  ordinary  needles, 
but  are  engaged  by  jacks  or  sliders  provided  with  at  least  two  butts 
or  heels,  which  are  actuated  by  cams  for  knitting  or  loop -forming 
purposes,  and  also  for  moving  the  sliders  forward  to  engage  the 
hooks  of  the  needles  to  actuate  the  latter. 

"The  jacks  or  sliders  by  which  the  double-ended  needles  are 
engaged  and  actuated  may  be  formed  out  of  steel  wire,  and  each 
comprises  in  its  construction  a  hook  at  one  end,  two  butts  at  different 
points  in  its  length,  a  turned-under  portion  forming  its  foot,  and  an 
upward  parallel  continuation  having  a  cupped  or  otherwise  suitably 
shaped  upper  end  to  meet  the  hooked  end  of  the  needle  and  push  it 
along  after  the  hook  of  the  slider  has  been  disengaged  therefrom  by 
coming  into  contact  with  the  inclined  edge  of  a  belt  or  band  which 
encircles  each  needle  cylinder  and  serves  also  to  keep  the  needles  from 
falling  out  of  their  grooves. 

"The  said  belt  or  band  is  connected  to  the  needle  cylinder  by  set 
screws  so  as  to  occupy  a  fixed  position  relatively  to  the  sliders,  which 
may  optionally  be  provided  on  their  upper  ends  with  an  inclined 
prolongation  or  extension  adapted  to  contact  with  the  said  belt,  and 
draw  the  hooked  end  of  the  slider  out  of  the  hook  of  the  needle,  so 
that  the  opposite  end  of  the  latter  may  be  engaged  by  the  hooked 
end  of  a  slider  in  an  opposite  groove  in  the  other  needle  cylinder 
for  the  purpose  of  transferring  the  needle  to  effect  the  necessary  change 
in  the  fabric. 

"Two  sets  of  cams  are  employed  with  each  needle  cylinder,  viz. 
one  set  for  actuating  the  butts  of  the  two  kinds  of  needles  for  knit- 
ting or  stitch-forming  purposes,  and  the  other  for  acting  on  the  butts 
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of  the  sliders   for   the  purpose  of  moving  the  double-ended    needles 
out  of  one  needle  cylinder  to  the  other." 

Fully  equipped,  this  machine  consists  of  283  parts,  comprising 
double  cylinders,  cams,  chains,  feeders,  driving  gears,  and  their 
various  fittings — springs,  screws,  bolts,  and  other  pieces.  Though 
of  such  complexity,  the  machine  is  easily  operated,  and  produces 
good  work. 


CHAPTER    III 
Hosiery  Yarns  and  Fabrics 


Hosiery  Yarns. — The  yarn  store  of  a  hosiery  factory  contains  a 
selection  of  yarns  greater  probably  than  can  be  seen  anywhere  else. 
The  only  fibre  not  much  employed  in  the  hosiery  factory  is  flax;  but 
silk,  wool,  cotton,  jute,  and  ramie  are  all  represented  in  various  quali- 
ties and  kinds.  A  hosiery  manufacturer  who  would  be  successful  must 
have  a  good  knowledge  of  yarns — how  to  buy  and  how  to  store  them. 
He  should  study  the  whole  subject  of  textile  preparing,  spinning,  and 
doubling,  as  detailed  in  these  volumes,  giving  special  attention'  to 
worsteds  and  woollens. 

Silks, — Spun  or  tusseh  silks  are  mostly  used  in  the  knitting  of 
hosiery.  Though  hardly  so  lustrous  and  enduring  as  organzine  twist, 
doubled  spun-silk  yarns  have  the  quality  of  softness  in  a  superior 
degree.  Because  of  its  lustre,  organzine  is  frequently  used  for  clocks 
and  other  ornaments.  Very  fine  silk  yarns  are  seldom  seen  in  the 
hosiery  factory,  for  obvious  reasons.  The  yarns  range  from  3/30  s 
to  3/60  s  for  stockings,  and  from  3/20  s  up  to  5/60  s  for  undervests, 
pyjamas,  and  other  underwear.  Fancy  knitted  goods  of  various  kinds 
are  made  of  silk,  such  as  ties,  scarves,  children's  hoods,  &c.  Next  to 
stockings,  the  largest  amount  of  silk  is  consumed  in  knitting  gloves, 
mitts,  armlets,  and  ladies'  belts.  For  gloves  the  finest  yarns  are  used, 
ranging  from  2/40  s  and  3/60  s  up  to  3/80  s,  and  higher. 

Cottons. — Mercerized  cotton  yarns  have  lately  been  found  very 
serviceable  for  gloves  and  other  articles  of  feminine  attire.  The 
counts,  of  course,  vary  according  to  the  class  of  goods,  some  of  the 
cheaper  kinds  being  knitted  with  3/10  s,  while  the  dearer  classes  are 
made  with  3/90 s.  Plain  cotton  yarns  are  knitted  into  stockings, 
undervests,  combinations,  summer  underwear  of  all  kinds,  the  counts 
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and  qualities  of  the  yarns  being  determined  by  the  weight  and  quality 
of  the  articles.  Brazilian  and  Peruvian  cottons  make  suitable  yarns 
for  general  hosiery  purposes.  White  Egyptian,  mixed  with  the  higher 
grade  American  cottons,  make  the  finest  hosiery  yarns. 

Woollens. — The  original  knitting  yarns  were  woollens;  the  soft, 
bulky,  frowsy  threads  of  homespun  wool  made  a  fabric  apparently 
solid,  and  heavy  from  the  continuous  loops.  Woollen  yarn  has  a 
natural  elasticity  which  is  increased  by  twisting  two  or  more  threads 
together.  Knitted  garments  being  shaped  and  close-fitting,  the  elastic 
quality  of  the  yarn  is  a  very  important  factor.  It  is  a  popular  idea 
that  only  coarse  goods  are  made  nowadays  with  woollen  yarns;  but 
the  notion  is  only  superficially  true.  The  facts  are  that  coarse  goods 
are  knitted  with  coarse  woollen  yarns;  fine  goods  are  made  of  finer 
woollen  yarns;  and  the  very  finest  of  fancy  goods,  such  as  baby 
shawls,  hoods,  caps,  and  the  highest  grades  of  men's  stockings, 
can  be  knitted  with  woollen  yarns  only.  Examine  a  woollen  thread, 
and  you  will  see  that  the  component  fibres  have  all  been  criss-crossed, 
clinging  together  at  every  angle,  yet  forming  in  combination  a  compact 
and  regular  thread,  hairy  at  every  point,  but  solid  at  the  core.  Spun 
originally  to,  say,  24  s  count,  and  then  twisted  three-ply,  the  woollen 
yarn,   if  of  genuine  quality,   makes  an  ideal  knitting  material. 

The  coarser  goods,  such  as  leg  bags  or  rough  jerseys,  take  yarns 
ranging  from  3/8  s  to  3/10  s,  and  the  higher  grades  run  from  3/16  s 
to  3/24  s.  Special  wools,  Astrakhan,  Shetland,  Kent  yeaning,  and 
Welsh,  are  required  for  fancy  fabrics. 

Worsteds. — During  the  past  twenty  years  worsted  yarns  have  taken 
the  place  of  woollens  as  the  staple  yarns  of  the  trade.  Formerly 
worsted  was  regarded  as  fit  only  for  fine  knitted  goods;  merino 
stockings  were  luxuries  reserved  for  the  rich.  Two  causes  have 
mainly  contributed  to  produce  the  change.  On  the  one  hand,  the 
standards  of  comfort  and  refinement  have  risen  among  the  people  of 
this  country;  on  the  other  hand,  worsted  yarns  have  cheapened  rela- 
tively to  woollens.  While  wools  of  all  classes  have  risen  in  price, 
the  cost  of  spinning  has  decreased.  Moreover,  wools  which  formerly 
no  worsted  spinner  would  have  looked  at  are  now  extensively  combed 
and  spun  into  worsted  yarns. 

Worsted  yarns  are  lustrous,  comparatively  smooth,  strong,  light, 
and  may  be  spun  to  a  high  degree  of  fineness.  The  whole  length  of 
the  fibre  is  utilized  in  the  spinning.  The  hairs  of  a  worsted  yarn 
lie  all  together,  smooth,  and  close;    the  natural  scaliness  of  the  wool 
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imparts  to  the  thread  a  certain  degree  of  roughness  or  hairiness, 
and  the  intimate  crinkles  tend  to  let  the  ends  of  the  fibres  fly  out 
slightly.  Compared  with  woollen,  however,  worsted  is  a  smooth, 
even  yarn.  Fabrics  formed  with  it,  therefore,  may  be  expected  to 
be  smooth,  lustrous,  and  clear  in  texture. 

It  is  hardly  possible  to  specify  the  knitted  goods  made  with  worsted 
yarns;  it  may  safely  be  said  that  every  kind  and  class  is  knitted 
with  that  yarn.  Common  two-ply  grey  worsted  is  used  in  making 
all  the  low-grade  goods,  such  as  cheap  suits  of  underclothing,  gloves, 
and  fancy  wares,  including  cheap  clocked  stockings  favoured  by  the 
very  poor  women.  For  the  best  medium  goods  3-ply  is  the  material 
employed,  ranging  from  3/16  s  up  to  3/24  s.  Higher-grade  goods, 
competing  with  silks,  are  made  with  yarns  ranging  up  to  3/90  s  or 
5/120  s.  Here  again  the  quality  of  the  wool  itself  must  be  considered 
as  a  factor.  It  is  obvious  that  even  if  you  spin  a  Port  Philip  wool 
and  a  South  American  wool  to  the  same  counts  the  yarns  will  not 
be  equal  in  quality.  Or,  to  take  an  actual  instance,  a  fine  Botany 
and  a  high  sorting  number  of  Leicester  are  spun  to  the  same  counts 
very  frequently;  but  the  Botany  gives  the  better  yarn.  In  choosing 
wools,  therefore,  the  buyer  must  be  on  the  look-out  for  the  best  wool 
qualities  in  his  yarns.  Fineness  of  fibre,  elasticity,  colour,  lustre,  and 
softness  are  the  main  qualities  by  which  the  grade  of  a  worsted  yarn 
can  be  detected. 

Mohair. — Though  commonly  classed  among  the  long  wools  for 
cloth  manufacture,  the  hair  of  the  Angora  goat  has  a  special  value 
for  hosiery  manufacturers.  The  yarns  are  fine,  strong,  and  lustrous, 
practically  unshrinkable,  and  therefore  suited  for  gloves,  mittens,  and 
fancy  fabrics. 

Ramie. — The  place  of  ramie  in  textile  manufacture  has  long  been 
in  doubt;  it  has  oscillated  from  being  regarded  as  a  substitute  for 
silk  to  being  condemned  as  an  inferior  flax.  In  hosiery,  however, 
the  fibre  has  now  taken  a  sure  place.  Ramie  yarns  make  knitted 
goods  of  a  fineness  and  durability  which  cannot  be  denied.  For 
underclothing  of  all  kinds  it  is  very  suitable.  A  certain  degree  of 
hardness  and  lack  of  flexibility  or  softness  have  been  alleged  against 
it.  We  do  not  think  that  those  defects  amount  to  a  great  deal,  and 
conservative  prejudice  has  more  effect  in  preventing  the  acceptance 
of  the  fibre  than  any  real  defects.  Ramie  is  at  present  employed 
for  the  same  purposes  as  the  stronger  worsteds  and  all  kinds  of 
cottons. 
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Mixed  Yarns. — Jute  is  mostly  used  as  an  adulterant.  Mixed  yarns, 
partly  wool  and  cotton,  or  partly  wool  and  silk,  are  very  useful  yarns. 

Gauges  and  Counts  of  Yarns. — In  fixing  the  gauge  of  a  knitting 
frame,  the  manufacturer  must  pay  attention  to  the  counts  of  the  yarns 
he  intends  to  use.  A  knitted  fabric  is  made  up  of  doubled  yarns.  Say 
that  a  3/18 s  woollen  yarn  gives  40  threads  to  the  inch;  that  does  not 
allow  of  a  40-gauge  knitting  frame.  In  all  knitting  we  are  dealing 
with  a  thread  doubled,  and  therefore  a  20-gauge  would  be  proper  for 
such  a  yarn.  A  worsted  yarn  of  the  same  number  would  be  suited 
by  a  20-gauge;  but  the  limits  of  yarns  are  not  exactly  measured  in 
that  way.  A  difference  of  ten  or  more  counts  is  allowed  for  on  the 
same  gauge  of  frame,  the  difference  being  made  up  in  the  length  of 
the  loops.  A  yarn  which  is  thicker  than  the  gauge,  of  course,  cannot 
be  worked;  but  that  is  seldom  necessary.  The  tendency  is  rather  the 
other  way,  fine  yarns  being  knitted  on  machines  of  wide  gauge. 

Calculations  for  Looped  Fabrics. — The  hosiery  manufacturer  finds 
a  difficulty  in  estimating  the  quantities  of  yarns  required  for  the  dif- 
ferent classes  of  goods.  When  a  weaver  has  been  told  the  width  of 
web,  the  number  of  warp  ends  and  weft  shots  in  the  inch,  and  the 
length  of  cloth  to  be  woven,  he  knows,  from  a  simple  calculation, 
how  much  yarn  of  a  given  count  is  required ;  but  the  hosiery  weaver 
has  a  great  many  factors  to  consider.  In  many  factories  the  old 
rule-of-thumb  or  experimental  method  is  still  practised.  From  time 
immemorial  knitters  have  determined  that  a  certain  weight  of  yarn 
will  make  a  sock,  a  stocking,  or  any  other  garment,  and  the  quantity 
works  out  fairly  well.  For  hand  knitting  that  method  may  serve, 
but  machine-hosiery  manufacture  demands  a  different  method.  A 
system  is  difficult  to  construct;  but  if  the  machine  industry  is  ever 
to  be  really  established  on  a  sound  basis,  some  system  must  be 
devised. 

The  first  thing  to  be  done  is  the  fixing  of  standard  sizes,  stating 
the  length  and  width  of  each  size  in  terms  of  inches,  or  metres,  as  may 
be.  Say,  for  example,  there  are  240  stitches  in  the  head  of  a  sock, 
12  in.  round;  that  gives  20  stitches  to  the  inch.  The  question  to  be 
determined  is  how  much  of  that  ^  in.  is  loop  length  and  how  much 
yarn  diameter.  With  a  yarn  ^^  in.  thick  we  could  conclude  that  one 
half  of  the  width  of  the  sock  was  loop  and  the  other  half  yarn. 

Similarly  the  amount  of  yarn  required  for  a  given  length  of  fabric 
can  be  calculated  by  the  thickness  of  the  yarn.  It  is  true  that  the 
length  of  the  loop  may  be  taken  either  in  the  length  or  the  breadth 
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of  a  knitted  fabric;  but,  as  we  cannot  have  it  both  ways,  the  length 
may  be  safely  calculated  on  the  diameters  of  the  yarns  alone.  But 
there  are  other  factors.  Different  forms  of  stitch  take  up  different 
lengths  of  yarn.  In  ribbing,  for  instance,  a  greater  length  of  yarn 
is  consumed  than  in  plain  knitting.  Where  double  stitching  is  put 
in,  another  difference  must  be  taken  into  account.  Then  there  are 
variations  in  the  number  of  stitches  in  the  round  on  all  fashioned 
hosiery;  but  here  the  exactness  of  machinery  comes  to  our  help.  In 
fashioning,  a  certain  number  of  courses  are  made  the  full  width,  and 
another  set  of  courses  so  many  stitches  less,  and  still  another  less; 
but  all  these  courses  are  distinctly  planned,  and  are  known.  We  can 
therefore  express  them  in  terms  of  full  courses. 

Shaped  goods  are  not  so  easily  dealt  with.  Even  these,  however, 
can  be  calculated.  The  great  point  to  be  gained  is  a  definite  measure- 
ment of  the  yarns  and  the  lengths  of  the  loops.  Having  got  that 
length,  the  rest  is  little  more  than  simple  arithmetic. 

It  is  advisable,  therefore,  that  the  student  of  hosiery  should  make 
himself  thoroughly  acquainted  with  the  different  yarn  tables  of  all 
the  various  fibres.  Having  a  knowledge  of  the  diameters  of  yarns, 
and  the  relation  of  the  various  counts  to  each  other,  the  hosiery 
manufacturer  can  bring  his  practice  down  to  a  scientific  basis. 

Knitted  Goods. — One  of  the  difficulties  of  the  hosiery  manufacturer 
is  to  cope  with  the  immense  variety  of  knitted  goods.  Some  men 
specialize  in  a  particular  line,  devoting  themselves  to  stockings,  socks, 
and  underclothing,  or  fancy  hose,  waistcoats,  baby  hoods,  shawls, 
wraps,  and  petticoats.  If  a  sufficiently  large  and  profitable  trade  can 
be  gathered  in  any  such  special  lines,  the  manufacturer  is  saved  a 
great  deal  of  trouble  and  worry;  but  the  main  lines  of  hosiery  goods 
are  subject  to  such  pressure  of  competition  that  the  profits  are  reduced 
to  the  smallest  margin  possible.  We  have  heard  it  stated  that  no 
manufactory  could  be  maintained  on  the  returns  obtained  from  stock- 
ings alone.  Others  of  the  staple  lines  are  said  to  be  cut  down  equally. 
Novelties,  new  fashions,  fresh  fabrics,  and  fancy  articles  are  the  main 
sources  of  profit.  Hence,  if  anyone  contemplates  starting  the  trade, 
or  undertaking  the  management  of  a  hosiery  concern,  he  ought  to 
know  fully  the  whole  range  of  knitted  articles  made  and  sold.  When 
it  is  stated  that  about  7000  articles  are  regularly  made,  the  task  of 
making  a  close  study  of  the  subject  seems  formidable;  but  that  esti- 
mate is  formed  on  a  basis  which  clearly  differentiates  hosiery  from 
almost  every  other  textile  industry.     Not  only  every  shape,  but  every 
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size  of  one  shape,  is  considered  a  different  article,  because  another 
gauge  and  size  of  loop  may  be  needed,  and  the  knitting  frame  set 
differently.  We  can  therefore  classify  that  immense  mass  of  goods 
under  a  few  headings,  as  follows: — 

1.  Hosiery  proper^  comprising  men's  socks,  women's  stockings, 
youths',  girls',  and  children's  hosiery,  constitutes  the  bulk  of  the  pro- 
duction of  most  factories.  Next,  in  the  same  class,  come  undervests, 
pants,  ladies'  and  girls'  combinations,  and  other  undergarments,  for 
winter  and  summer  wear. 

2.  Fancy  rib-topped,  chevened,  embroidered,  clocked,  and  fancy 
hose,  cycling  stockings,  form  another  class. 

3.  An  important  and  highly  profitable  line  of  goods  is  for  hahy 
■wear,  consisting  of  hoods,  shawls,  petticoats,  caps,  socks,  overalls, 
bootees,  underjackets,  and  other  soft,  knitted  goods. 

4.  A  heavy  class  of  hosiery  contains  jerseys  for  both  sexes  and  all 
ages,  Tam-o'-Shanter  and  Kilmarnock  caps,  turbans,  overjackets, 
mufflers,  and  ladies'  petticoats. 

5.  Winter  vests  and  the  facings  of  fancy  waistcoats  for  men  form 
a  highly  profitable  trade,  and  one  calling  for  taste  and  invention. 

6.  Knitted  toys,  baskets,  bags,  purses,  and  fancy  ties  are  among 
the  smaller  knitted  wares. 

7.  Gloves,  mittens,  armlets,  and  belts  belong  to  the  haberdasher's 
province,  and  are  demanded  by  those  merchants  in  large  quantities, 
constantly  increasing.  The  fine-knitted  gloves,  in  silk  and  cotton 
especially,  have  almost  wholly  ousted  the  cloth  glove  from  public 
favour.  The  knitted  glove  has  a  softness  and  flexibility  which  render 
it  pleasant  to  wear  and  very  durable. 

One  remarkable  characteristic  of  hosiery  manufacture  must  here  be 
emphasized:  Not  one  of  all  that  vast  array  of  goods  but  may  be  pro- 
duced in  any  variety  of  colour,  and  in  any  kind  of  yarn.  Silk,  woollen, 
worsted,  cotton,  ramie,  and  mixed  yarns  have  each  and  all  been  knitted 
into  every  article  in  the  classes  named. 

Large  as  the  range  of  goods  described  is,  it  affords  room  for 
indefinite  extension.  The  spheres  of  cloth  and  hosiery  have  yet  to  be 
defined.  As  the  younger  trade,  hosiery  must  try  new  avenues  of 
development,  fresh  opportunities  of  service.  Ultimately  the  test  of 
utility  will  decide  which  of  the  fabrics  is  entitled  to  occupy  the  field. 
As  the  cheaper  method  of  producing  a  shaped  garment,  hosiery  has 
an  advantage  in  the  market  over  woven  cloths  which  might  be  turned 
to  greater  purpose  than  it  is  now. 
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Finishing  Hosiery. — Beyond  the  knitting  room  there  are  two  de- 
partments of  the  ordinary  hosiery  factory.  Few  garments  or  fabrics 
come  from  the  knitting  frames  in  a  complete  state;  a  section  of  the 
operatives,  therefore,  are  employed  in  mending,  trimming,  cutting, 
seaming,  and  otherwise  completing  the  work  of  the  knitting  frames. 
The  articles,  also,  require  to  be  washed,  dried,  hot-pressed,  or  milled. 
Factories  differ  greatly  in  their  methods  of  finishing.  We  take  the 
simplest  and  most  common  first. 

Inspecting  and  Darning. — Knitting  machines  are  not  perfect,  and 
the  work  produced  on  them  have  faults.  To  detect  the  faults,  and 
direct  the  remedies,  is  the  duty  of  the  inspector,  or  viewer.  He,  or 
she,  turns  the  web  right  side  out,  and  examines  it  carefully,  marking 
faulty  points,  such  as  dropped  stitches,  broken  yarns,  knots,  and  so  on. 
From  the  viewer  the  goods  are  taken  to  the  darners  or  menders,  who 
take  up  each  marked  fault  and  mend  it. 

Cutting. — On  the  rotary  frames  flat  webs  are  knitted  in  sections 
of  a  width  equal  to  the  circumference  of  a  stocking  leg.  Laid  on  a 
cutting  table,  the  sections  are  shorn  apart.  Then  the  cutter  doubles 
each  section  to  form  the  stocking  leg.  From  the  base  of  each,  or  a 
batch,  he  cuts  a  triangular  piece,  within  about  an  inch  of  the  back, 
leaving-  the  inch  on  each  side  intact  for  the  width  of  the  heel.  From 
a  web  of  the  same  quality  the  cutter  shapes  gussets,  the  size  required 
for  the  sole  and  the  thickness  of  the  foot.  These  are  laid  together, 
and  passed  on  to  the  seamers. 

Webs  for  cut  goods  of  any  kind  are  knitted  on  the  machines,  and 
come  out  in  the  shape  of  a  "cloth"  to  be  cut  in  garments  of  various 
uses  and  classes.  Cutting,  in  this  department,  is  a  special  trade, 
governed  by  the  condition  of  each  factory. 

Again,  the  circular  machines,  or  at  least  the  vast  majority  of  those 
employed  in  the  present  day,  make  what  we  have  called  leg  bags,  which 
issue  from  the  machines  in  the  form  of  knitted  tubes  of  great  length. 
Setting  his  machine  to  the  length  of  stocking,  the  cutter  shears  through 
the  tubes,  in  batches.  Afterwards  he  cuts  a  triangular  piece  from  the 
base  of  the  stockings,  leaving  the  length  required  for  the  front  of  the 
foot  and  the  breadth  for  the  heel.  Gussets  the  length  and  breadth 
required  are  cut  and  laid  to  the  stockings. 

The  more  efficient  of  the  circular  type  of  machines  knit  the  hosiery 
complete,  all  but  the  toe.  At  the  toe  of  each  stocking,  or  sock,  a 
tuck  is  formed.  When  the  machine  has  completed  a  batch  the  roll 
of  stocking  is  taken  from  the  machine,  and  each  separated  from  the 
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others  at  the  point  of  the  toe.  The  tucking  makes  the  head  of  each 
stocking;  though  perfectly  sound,  the  head  has  not  the  appearance 
either  of  those  stockings  knitted  separately  or  of  the  leg  bags  after 
finishing. 

Seaming. — From  the  very  earliest  days  of  frame  knitting,  sewing 
stockings  was  the  work  of  females,  and  generally  a  domestic  occu- 
pation. Some  manufacturers  still  give  out  stockings  to  be  seamed  by 
the  women  and  children  of  the  poor;  but  the  more  satisfactory  method, 


Fig.  528. — KShler  Seaming  Machine 


economically,  socially,  and  industrially,  is  for  the  work  to  be  done  at 
the  factory.  Assisted  by  power-driven  seaming  machines  (fig.  528), 
the  female  seamers  are  able  to  put  through  a  great  amount  of  stuff. 
The  operation  is  very  simple,  and  needs  very  little  instruction.  The 
machine  carries  two  strong  worsted  threads,  one  in  the  needle  and 
one  in  the  looper.  The  two  pieces  to  be  joined  are  placed  close  to- 
gether under  the  clamp,  and  the  machine  does  the  rest,  forming  that 
corded  seam  which  is  the  infallible  mark  of  that  class  of  hosiery. 

Linking. — Undervests,  jerseys,  jackets,  waistcoat  facings,  and  other 
high-class  goods  require  to  be  joined  in  a  very  careful  way.     Up  till 
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lately  all  the  seaming  of  those  articles  was  done  by  hand ;  it  was  simply 
knitting.  We  now  have  a  machine,  however,  which  joins  the  seams 
with  fine  accuracy  and  facility  (fig.  529).  The  one  part  of  the  machine 
is  a  round  disc,  its  edge  studded  with  grooved  points.  The  disc  can 
be  moved  round,  according  to  the  wish  of  the  operator.  The  other 
part  of  the  machine  is  a  hooked  needle,  which  moves  in  and  out 
along  the  groove  between  the  points,  carrying  with  it  a  looped  thread. 
The  seamer  takes  the  two  cloths  to  be  joined  and  nimbly  pushes  the 

stitches  on  to  the  points. 
Then  the  drive  is  put  on 
and  the  needle  goes  to 
and  fro,  looping  the  loops 
together  with  a  continuous 
thread,  making  a  stitch 
of  the  same  pattern  as 
the  body  of  the  fabric. 

Embroidery.  —  Fancy 
and  high-class  goods  of 
all  kinds  are  often  im- 
proved for  sale  by  a  little 
embroidery  carefully  de- 
signed. The  trade  has 
already  a  large  stock  of 
designs,  which  may  be 
followed  or  varied  with 
advantage.  For  the 
highest  classes  of  em- 
broidery and  new  designs 
of  special  character  the  manufacturer  should  rely  on  hand  workers; 
but  the  sewing-machine  makers  have  invented  a  large  choice  of  mount- 
ings for  their  machines,  which  execute  pretty  stitches  and  neat  designs 
without  calling  for  any  skill  on  the  part  of  the  operative.  Scallopings, 
borders,  stars,  circles,  roses,  wreaths  of  flowers  or  foliage,  festoons  of 
blossoms  are  sewn  on  the  goods  rapidly  and  with  very  pleasing  effects. 
The  threads  employed  in  embroidery  may  be  coloured,  and  composed 
of  silk,  linen,  worsted,  or  cotton,  as  the  maker  thinks  advisable. 

Washing". — After  the  goods  have  been  finished,  they  should  be 
carefully  washed.  Care  must  be  taken  to  prevent  too  severe  felting 
of  the  woollens,  though  natural  shrinkage  is  desirable.  The  best 
method   is  to  employ  a  dollying  tub,  with  a  liberal   supply  of  water 
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and  soap  for  the  first  bath,  and  then  clean  water  for  the  second.  The 
soap  must  not  be  too  strong,  and  the  water  of  a  mild  heat.  After 
being  dollied  in  the  tub  for  the  second  time,  the  goods  are  taken 
out  and  carefully  pressed  free  of  superfluous  moisture  between  a  pair 
of  heavily  padded  rollers. 

Drying  and  Pressing. — Fine  goods  are  dried  in  a  hot-air  stove 
or  apartment  with  the  least  possible  friction.  When  drying,  a  shape 
should  be  given  to  the  articles.  If  this  is  well  done  no  trouble  will 
afterwards  occur.  Once  the  shape  has  been  given  to  the  things,  they 
are  pressed. 

The  style  of  pressing  varies  according  to  the  nature  of  the  goods. 
Large  articles  and  underwear  are  merely  pressed  flat  under  the  pressure 
of  the  hotpress.  The  latter  is  a  tool  which  has  been  the  subject  of 
considerable  experiment.  Some  firms  use  boxes  heated  by  gas,  but 
the  majority  employ  steam-heated  boxes.  Though  the  latter  is  the 
older  method,  we  prefer  it,  because  there  is  never  any  fear  of  the  iron 
becoming  fiery  hot,  which  sometimes  happens  with  gas. 

Stockings,  socks,  and  goods  of  that  class  are  drawn  upon  blocks 
or  shapes  before  being  pressed.  The  effect  of  this  is  very  striking. 
Stockings,  mere  leg  bags  and  devoid  of  shape,  after  being  pressed 
with  the  blocks  assume  a  shape  as  symmetrical  as  the  stockings  finely 
fashioned.  Taking  two  pairs  of  stockings,  the  one  fashioned  and  the 
other  shaped  by  the  press,  we  find  them  to  be  of  precisely  the  same 
appearance.  Only  careful  examination  of  the  structure  of  both,  or 
hard  wear,  can  bring  out  the  difference. 

Another  Finishing  System. — In  most  of  the  large  factories  the 
finishing  process  is  taken  in  the  following  order:  i,  viewing; 
2,  mending;  3,  trimming;  4,  scouring;  5,  milling;  6,  bleaching; 
7,  cutting;  8,  seaming;  9,  pressing.  In  some  cases  damping,  or 
dewing,  is  substituted  for  scouring.  Such  of  these  operations  as  we 
have  not  detailed  in  this  chapter  may  be  studied  at  length  in  Part 
VIII  of  this  work. 

The  finishing  of  waistcoats  is  a  special  line  of  work,  requiring  the 
skill  of  the  tailor.  The  fronts  are  lined,  buttons  sewn  on,  and  the 
backs  cut  and  made,  just  as  in  any  tailoring  establishment.  Some 
manufacturers  employ  only  female  factory  labour,  but  the  results  are 
not  so  good  as  when  a  skilled  workman  is  employed. 

The  smaller  details  of  finishing  are  as  numerous  as  the  classes  of 
goods  produced.  These  are  practical  matters  which  can  only  be  dealt 
with  in  the  department  itself.     It  must  be  said,  however,  that  too  much 
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attention  cannot  be  given  to  those  small  things.  The  difference  be- 
tween goods  that  sell  and  those  which  fail  to  meet  with  public  approval 
is  generally  in  the  finishing. 


CHAPTER    IV 
Hand-made  Lace 


Lace. — Purely  ornamental  in  character  and  uses,  lace  is  directly 
derived  from  one  of  the  oldest  and  most  serviceable  of  human  tools, 
the  fishing  net.  Reduce  the  thickness  of  the  cords  in  a  common  herring 
net,  and  draw  the  meshes  into  groups  of  definite  shapes,  and  you  have 
a  fairly  good  representation  of  rudimentary  lace.  Sprung  from  an 
origin  so  primitive,  no  date  can  be  given  for  the  beginnings  of  lace 
making  by  hand.  We  find  it  pictured  in  the  tombs  of  ancient  Egypt; 
the  headdress  of  the  goddess  Athos,  in  the  great  temple  of  Ombos, 
seems  to  be  a  fine  lace.  Homer  describes  laces,  as  well  as  embroideries 
of  coloured  threads  and  veils  of  needlework.  Generically,  embroidery, 
needlework,  and  lace  have  the  same  character.  The  ornaments  on  the 
edges  of  the  ceremonial  garments  of  the  Levites  and  the  fringes  on 
the  garments  of  the  people  mentioned  in  the  Bible  {Exodus,  xxviii.  32, 
Niivihers,  xv.  38)  seem  to  partake  of  the  nature  of  both.  The  Greeks, 
with  their  love  of  pure  form,  may  be  credited  with  having  given  to 
lace  its  special  character.  At  Portici  there  is  an  ancient  statue  of 
Diana  in  which  the  goddess  is  wearing  a  robe  edged  with  lace  an  inch 
and  a  half  wide.  From  Greece  the  art  of  lace  making  spread  to  Cyprus, 
Sicily,  Italy,  and  Spain,  lacinia  being  regarded  by  ladies  of  well-to-do 
families  in  the  Roman  Empire  as  an  indispensable  ornament  to  their 
robes  and  dresses.  During  the  rule  of  the  Antonines  lace  making 
had  become  a  very  important  Italian  industry.  In  later  times  Genoa 
and  Venice  were  renowned  for  the  excellence  of  the  laces  made  there. 
During  the  turbulent  times  of  the  Middle  Ages  the  practice  of  the  art 
was  carried  on  in  secluded  convents  and  nunneries  in  France  and 
Spain,  to  issue  thence  in  forms  so  splendid  as  to  win  the  wonder  and 
admiration  of  all  generations. 

Kinds  of  Hand-made  Lace. — The  first  and  finest  class  of  lace, 
known  as  point,  bears  a  very  close  relation  to  the  art  of  embroidery, 
from  which   it   undoubtedly  sprang.      The   oldest  forms  of  this   lace 
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were  founded  upon  a  base  of  linen ;  the  figures  were  cut  out  of  cloth, 
and  over  these  the  lacework  was  worked  by  the  needle,  with  thread 
of  marvellous  fineness,  covering  the  linen  with  meshes  of  fairy- 
like web,  so  that  the  foundation  was  completely  hidden.  Two  kinds 
of  stitches  only  were  employed,  the  wonderful  and  rich  variation  ot 
the  patterns  being  produced  by  the  greater  or  less  distances  between 
the  stitches,  and  in  the  sizes  of  the  stitches  themselves.  Upon  the 
pattern  or  foundation  a  series  of  threads  were  laid  lengthwise;  then 
through  these  the  needle  wrought  loops  and  cross  stitches.  By 
means  so  simple  were  wrought  the  most  marvellous  of  art  fabrics. 
The  early  varieties  were  named  Rose  pointy  Venetian  point,  and  Maltese 
point.  In  rose  point  the  guipures  are  raised  in  relief,  showing  rich 
embossment.  Venetian  and  Maltese  are  formed  of  flat  figures,  the 
latter  being  remarkable  for  the  masses  of  finely  combined  threads. 
Rose  point  and  Venetian  point  are  more  beautiful  than  Maltese,  but 
the  latter  has  a  quaintness  and  chasteness  which  have  gained  for  it 
much  favour. 

Brussels  and  English  point  are  later  forms.  The  firstnamed 
possesses  special  characteristics.  The  pattern  is  composed  of  many 
separate  pieces.  After  the  design  has  been  completed,  each  part  is 
handed  to  a  different  worker.  When  the  parts  have  been  wrought, 
they  are  connected  together  by  a  fine  groundwork  of  thread  in  the 
form  of  a  regular  mesh.  At  various  crossing-points  of  the  ground, 
spots  or  figures  are  made,  adding  to  the  richness  of  the  lace  and 
concealing  the  connecting  threads.  Being  in  considerable  demand, 
this  lace  is  manufactured  on  a  regular  system.  The  factory  workers 
are  divided  into  groups,  few  or  many  according  to  the  class  of  lace 
upon  which  they  are  engaged,  under  the  direction  of  a  leading  hand. 
He  gives  out  the  parts,  collects  them  from  the  operatives,  and  directs 
the  whole  structure  of  the  design. 

Chantilly  and  Caen  are  narrow  point  laces,  used  for  trimming 
ladies'  dresses.  Delicate  and  fanciful,  those  laces  are  highly  prized, 
and  each  possesses  a  distinctive  character. 

Pillow  Laces. — The  first  approach  to  mechanical  production  of 
lace  was  made  by  the  invention  of  pillow  lace.  Paul  Jenisco,  in  his 
History  of  Annaberg,  asserts  that  the  original  discoverer  of  the  pil- 
low method  was  Barbara  Etterlein,  the  wife  of  Christopher  Uttmann, 
a  master  miner  of  Annaberg.  Though  proof  is  wholly  absent,  his- 
torians, in  default  of  any  other  authentic  claim,  have  obediently  accepted 
Jenisco's  statement.      According  to  the  historian  of  Annaberg,    Frau 
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Uttmann  perfected  her  method  in  1561.  He  says:  "This  is  the 
unanimous  affirmation  of  all  annalists  in  that  part  of  Saxony.  And 
from  the  castle  where  she  had  taught  it  to  the  peasantry,  as  in  a  school, 
it  soon  spread  amongst  all  the  wives  and  daughters  of  the  miners 
in  that  district,  who  found  making  this  lace  more  productive  than 
their  former  embroidering  of  veils  according  to  the  Italian  practice, 
and  soon  supplanted  them  as  an  article  of  commerce." 

As  practised  at  the  present  day,  the  method  is  as  follows:  The 
designer  pricks  out  the  pattern  in  parchment  or  strong  paper,  and 
hands  it  over  to  the  worker,  who  pins  it  firmly  on  to  a  pillow  or  broad 
cushion.  The  tools  of  the  lace  maker  are  small  sticks  4  in.  long, 
pins,  and  thread.  Connecting  the  sticks  by  means  of  the  thread  wound 
upon  the  top  of  each,  the  worker  takes  the  cushion  on  her  lap  and 
begins.  Sticking  pins  into  certain  of  the  pricked  holes  of  the  parch- 
ment, and  hanging  the  threads  upon  the  pins,  she  begins  to  intertwist 
and  cross  the  threads  by  passing  the  lace  sticks  over  and  under  each 
other,  letting  those  sticks  which  are  out  of  use  drop  down.  When 
all  the  holes  of  one  part  or  sprig  have  been  filled  with  pins,  and  the 
required  amount  of  mesh  made  upon  the  latter,  according  to  pattern, 
a  stitch  is  taken  up  through  one  of  the  pinholes  with  the  needle  pin, 
forming  a  loop.  Through  this  loop  one  of  the  lace  sticks  is  passed, 
and  the  thread  secured  by  a  knot.  Going  from  sprig  to  sprig,  part 
to  part,  the  lace  maker  forms  the  complete  pattern,  joining  all  together 
at  various  points  by  meshes  of  threads. 

European  Centres  of  Pillow-lace  Manufacture. — Knowledge  of 
Madame  Uttmann's  invention  seems  to  have  spread  rapidly  all  over 
France,  Belgium,  and  Italy,  as  well  as  Saxony  and  Holland.  We 
learn  of  judicious  amalgamations  of  the  new  method  with  the  old 
point  style,  which  indicate  a  development  rather  than  the  wholesale 
adoption  of  a  new  invention.  Being  an  easy  way  of  producing  the 
ground  meshings  for  Brussels  and  other  point  laces,  the  cushion 
was  utilized  for  that  purpose  by  the  makers  of  those  fine  laces.  Within 
a  half-century  schools  for  instruction  in  pillow-lace  manufacture  had 
been  established  in  various  parts  of  the  Continent,  the  children's  schools 
of  Flanders  being  specially  noted  at  the  time.  Under  the  fostering 
care  of  the  celebrated  Colbert,  finance  minister  of  Louis  XIV,  pillow- 
lace  manufacture  was  established  in  France,  the  far-seeing  statesman 
obtaining  in  1666  a  royal  ordinance  decreeing  measures  for  the  nursing 
of  the  industry.  By  this  means  France  rapidly  came  to  the  front 
as  a  producer  of  pillow  laces,  and  she  has  held  the  advantage  ever 
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since.  Caen,  Bayeux,  Lille,  Arras,  Mirecourt,  Du  Pay,  Bailleul, 
and  AIen9on  are  the  leading-  centres  of  lace  manufacture  in  France. 

Belgium,  which,  of  course,  includes  Flanders,  the  original  seat 
of  the  industry,  holds  a  place  second  only  to  France.  Brussels, 
Antwerp,  Malines,  Ypres,  Bruges,  Ghent,  Menin,  Courtrai,  Alost, 
and  the  villages  round  these  places  send  out  pillow  laces  of  high 
quality  and  interesting  variety. 

Saxony,  Bavaria,  and  the  peasants  of  north  Italy  contribute  a 
share  of  the  laces  consumed.  Spain,  at  one  time  a  leading  producer, 
and  Portugal,  which  has  given  its  name  to  some  laces,  export  very 
small  quantities  at  the  present  day,  though  the  production  for  home 
consumption  must  be  very  considerable. 

Laces  vary  largely  according  to  fashion,  but  the  main  styles  re- 
cognized by  judges  of  the  fabric  are:  Spanish^  grounded  Spanish^ 
Saxony^  Brussels,  Flemish  Brussels,  Mechlin,  Valenciennes,  Dutch, 
Lisle,    Cliantilly,   silk  blofide,  cotton  blonde,  cut,   or  applique. 

British  Lace  Trade. — Industrial  history,  for  the  most  part,  has 
been  compiled  with  singular  carelessness;  the  date  of  a  battle  which 
settled  nothing  is  considered  of  more  importance  than  the  date  when 
an  important  industry  began.  Very  frequently  a  productive  manu- 
facture has  been  practised  a  long  time  before  it  has  emerged  into 
public  importance.  For  example,  most  standard  histories  date  the 
beginnings  of  the  lace  industry  in  Europe  about  the  latter  end  of 
the  fourteenth  century.  As  we  have  seen,  lace  had  been  an  article 
of  commerce  in  Europe  many  centuries  before.  It  is  singular  to  find 
such  a  statement  accepted  by  British  historians,  when  it  is  recorded 
that  St.  Dunstan,  a  notable  enough  figure,  assisted  in  designing  laces 
to  employ  the  delicate  fingers  of  the  nuns  of  a  neighbouring  convent. 

Even  at  that  early  time  English  needlework  lace  was  highly 
esteemed  on  the  Continent,  and  preferred  to  the  products  of  the 
nunneries  of  Spain  and  France.  Under  the  Plantagenet  kings  the 
industry  flourished,  and  for  its  protection  King  Richard  III  signed, 
in  1483,  an  Act  prohibiting  the  importation  of  foreign  lace  of  any  kind. 
More  stringent  measures  of  protection  were  the  Acts  of  Henry  VII, 
19,  cap.  21,  and  Elizabeth,  5,  cap.  7. 

Through  this  isolation  British  point  lace  developed  special  char- 
acteristics, which  mark  it  out  as  a  distinct  kind  easily  identified  by 
experts.  Despite  protection,  or  perhaps  because  of  it,  British  point 
lace  declined  in  value  and  industrial  importance.  It  was  not  till  late 
in    the   sixteenth    century  that   the    British    lace    trade    revived.      The 
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revival  was  due  to  the  emigration  into  England  and  Ireland  of  Flemish 
refugees.  Driven  out  by  the  persecutions  of  Alva,  these  Flemings 
resumed,  in  the  land  of  their  adoption,  their  lace  operations.  At 
Honiton,  Limerick,  and  Donaghadee  they  produced  fine  laces  which 
quickly  attracted  attention.  In  1626  a  school  for  teaching  children 
pillow-lace  making  was  started  at  Great  Marlow;  in  the  counties  of 
Buckingham  and  Bedford  other  schools  were  opened  shortly  after. 
These  schools  were  practically  small  factories  in  which  child  labour 
was  exploited  by  the  professed  teachers ;  but  the  device  served  a  greater 
purpose  in  the  counties  named  and  neighbouring  districts,  spreading 
from  Northampton  west  to  Gloucestershire.  Honiton  was  avowedly 
an  imitation  of  Brussels  point  at  first;  but  the  workers  of  the  Devonshire 
town  soon  made  a  distinct  style  for  themselves.  Graceful  sprigs  of 
English  flowers  and  foliage  are  combined  in  those  lovely  laces,  much 
desired  for  bridal  decoration.  Limerick  and  Irish  laces  generally 
quickly  broke  away  from  imitation,  and  now  Irish  lace  has  a  place 
of  its  own  in  the  history  of  the  industry. 

Hand-made  Lace  in  Commerce. — At  the  beginning  of  the  nine- 
teenth century  the  hand-made  lace  industry  employed  close  on  150,000 
hands,  mostly  women  and  children ;  but  the  factory  system,  combined 
with  other  causes,  brought  about  a  rapid  decline,  both  in  the  number 
employed  and  in  the  demand  for  the  article.  An  article  of  luxury, 
lace  was  produced  at  low  rates  of  pay;  the  higher  wages  offered  by 
the  cotton  and  wool  factories  attracted  labour  away  from  the  lace 
industry,  and  at  the  same  time  raised  the  standard  and  cost  of  living, 
so  that  lace  was  either  produced  under  wretched  conditions  or  not  at 
all.  Near  the  close  of  the  century,  however,  another  change  gradually 
took  place.  The  lowering  of  the  cost  of  raw  materials,  the  growth  of 
a  wealthy  middle  class,  and  the  higher  standards  of  luxury  brought 
on  by  enormously  increased  wealth  caused  a  revival  in  the  lace 
industry.  While  previously  lace  was  esteemed  a  rare  and  precious 
possession,  to  be  handed  down  from  generation  to  generation,  it  now 
became  a  common  article  of  wear  among  the  ladies  of  the  wealthier 
classes.  The  increased  demand  soon  made  itself  felt  in  every  way. 
Higher  rates  of  pay  attracted  labour,  the  enlargement  of  the  market 
rendered  systematic  manufacture  possible,  capital  poured  into  the 
enterprise,  and  a  new  era  opened  for  the  hand-made  lace  industr}'. 
Schools  for  the  teaching  of  lace  making,  and  classes  for  the  same 
purpose  in  the  public  schools  of  some  of  the  English  counties,  as 
well  as  in  Ireland,  have  been  organized.     Two  powerful  agencies  for 
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the  promotion  of  the  industry  are  the  Home  Arts  and  Industries' 
Association,  Albert  Hall,  Kensington,  London,  and  the  Royal  School 
of  Art  Needlework,  South  Kensington,  where  lace  designing  and 
practical  work  are  taught  systematically. 


CHAPTER   V 
Machine  Lace 


Machine  Lace. — The  substitution  of  machine  production  for  hand 
processes  has  taken  place  in  every  industry,  and  lace  manufacture  is 
no  exception.  Art  lovers  deplore  the  fact;  but  there  are  reasonable 
considerations  on  both  sides.  It  is  certainly  a  fine  ideal,  that  of  every 
maiden  and  mother  making  the  lace  to  decorate  her  person  or  her 
home;  it  is  also  true  that  the  art  feeling  which  ought  to  be  conveyed 
by  every  beautiful  thing  can  only  be  obtained  in  work  made  by  the 
hands  of  the  artist;  but  how  much  of  the  best  and  most  valuable  hand- 
made lace  was  wrought  by  voluntary  hands?  How  many  of  the  bridal 
veils  and  lace  robes,  so  lovely  and  delicate,  were  made  by  the  maidens 
and  mothers  of  the  families  which  prize  them?  We  may  safely  assert 
that  99  per  cent  of  the  finest  laces  in  the  world  were  made  by  hireling 
hands,  that  the  bulk  of  all  kinds  of  hand-made  lace  has  been  bought 
and  sold  in  the  market  like  any  other  commercial  commodity.  The 
object  of  the  inventors  of  lace-making  machines  was  to  cheapen  the 
cost  of  lace  production,  to  obtain  a  large  quantity  of  the  fabric  for  a 
small  amount  of  labour.  By  their  success  the  utility  of  lace  has  been 
greatly  increased.  Imitating  the  fine  products  of  the  needle  and  the 
pillow  pins,  the  lace  machinists  have  brought  beauty  into  homes  which 
else  had  been  bare  of  such  graces.  Whether  most  desirable  or  other- 
wise, the  machine -lace  industry  is  a  great  fact,  and  an  important 
branch  of  the  textile  industry.  It  is  questionable,  indeed,  whether 
we  should  have  touched  upon  it  at  all  had  it  not  been  a  machine 
industry.  The  fancy  embroideries,  crewel  work,  and  other  employ- 
ments for  the  leisured  female  do  not  belong  to  our  subject. 

Kinds  of  Machine  Lace. — The  simplest  and  earliest  form  of 
machine-made  lace  is  the  bobbin  net.  In  certain  lines  this  lace  com- 
petes with  and  excels  the  products  of  the  gauze  loom.  It  is  the 
groundwork  of  many  of  the  costlier  laces,  A  trade  has  sprung  up  for 
the  supply  of  bobbin  net  as  the  ground  of  Brussels  and  other  point 
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laces.  Though  professedly  hand  made,  very  few  of  those  laces  now  on 
the  market  have  grounds  made  by  hand.  As  we  shall  see,  there  is 
a  good  reason  for  this.  Machine-made  net  is  the  most  perfect  pro- 
duct of  its  kind.  No  hand  worker  could  approach  the  accuracy  and 
fineness  of  those  nets. 

Curtain  lace  is  a  very  important  branch  of  the  trade,  and  ranges 
from  the  coarsest  to  the  medium  qualities  of  lace  fabrics.  It  is  in  the 
curtain-lace  trade  that  the  cheapening  effect  of  the  lace  loom  has  been 
most  influential.  The  industry  almost  wholly  owes  its  existence  to 
the  loom.  By  means  of  the  loom,  laces  3  yd.  in  length  by  2  yd.  in 
width  can  be  sold  at  <^s.  per  pair  of  curtains  retail,  though  the  average 
of  the  better  qualities  ranges  from  7^-.  to  \2S.  6d.  per  pair.  Window 
curtains,  draperies,  screens,  hangings  of  various  kinds,  are  included 
in  the  curtain  class,  and  are  produced  in  enormous  quantities  both 
for  home  consumption  and  for  export. 

Imitation  guipure^  in  all  widths  and  sizes,  is  probably  the  most 
artistic  branch  of  the  lace  trade.  To  such  perfection  have  the  machines 
brought  this  product  that  only  the  expert  eye  can  detect  the  difference 
between  the  higher  kinds  of  machine-made  guipure  and  the  point  and 
pillow  laces  they  imitate. 

Pillow  laces  of  all  kinds,  Chantilly,  Mechlin,  Valenciennes,  Lim- 
erick, Buckingham,  Honiton,  and  the  whole  range  of  the  fabrics,  are 
produced  on  the  loom.  Narrow  edgings,  broad  trimmings,  cuffs, 
armlets,  capes,  shawls,  blouses,  and  every  variety  of  lace  are  cheaply 
made  on  the  lace  loom. 

Lace  Making'  on  the  Stocking'  Frame. — Capable  of  making  con- 
tinuous loops  variously  graded,  the  stocking  frame  presented  to 
machinists  the  promise  of  being  able  to  form  the  lace  fabric.  One 
of  the  first  to  bring  the  promise  to  some  measure  of  fulfilment  was 
a  Nottingham  stocking  maker  named  Hammond.  Clever,  but  very 
irregular  in  habits,  the  story  goes  that  he  and  his  wife  were  sitting 
in  a  public-house  together,  drinking  the  remnants  of  their  resources. 
Thinking  over  the  problem  of  how  they  were  to  obtain  a  living, 
Hammond  chanced  to  glance  at  his  wife's  lace  cap,  and  the  idea 
struck  him  that  he  might  be  able  to  make  an  imitation  of  the  lace 
upon  his  frame,  just  then  idle.  Borrowing  some  skeins  of  silk, 
Hammond  set  to  work  and  succeeded,  by  his  deft  manipulation  of 
the  frame,  in  producing  what  looked  very  like  a  fine  silk  net.  This 
he  accomplished  by  using  a  tickler  to  every  other  needle  and  remov- 
ing every  other  loop  to  the  next  needle  but  one;   and  the  remaining 
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loop  to  the  second  needle  the  other  way  in  the  next  course.  This  was 
technically  called  cross-stitch  or  wire-ground  Brussels.  He  afterwards 
devised  an  important  improvement,  in  the  first  course  removing  both 
stitches  two  needles  to  the  left,  and  next  course  both  stitches  two 
needles  to  the  right,  thus  forming  what  he  termed  double  cross-stitch 
Valenciennes.  Unsound  in  structure  and  pretentious,  Hammond's 
invention  had  a  very  short  run  of  popularity,  and  he  spent  the  re- 
mainder of  his  life  in  the  sad  pursuit  of  pleasure  from  alcoholic 
dissipation.  He  had  pointed  the  way,  however,  and  steadier,  healthier 
men  were  eagerly  on  the  track. 

In  1770,  two  years  after  Hammond's  venture,  a  stocking  maker 
named  Holmes,  assisted  by  Robert  Frost,  who  gained  a  high  reputa- 
tion as  an  inventor,  constructed  a  frame  which  was  a  distinct  advance 
on  Hammond's,  containing  the  same  principle. 

"An  article  called  two-plain  net  was  made  by  using  one  tickler 
for  every  third  needle,  leaving  two  needles  plain  in  every  course. 
Of  the  three  stitches  one  was  removed  to  the  second  needle  on  the 
left,  and  of  the  two  stitches  remaining  unmoved  in  the  next  course 
the  stitch  was  taken  from  the  right-hand  needle  and  delivered  two 
needles  to  the  right,  upon  the  needle  to  which  the  former  stitch  had 
been  placed.  Thus  a  kind  of  hexagon  mesh  was  produced.  By 
moving  a  rack  handle  the  loops  could  be  removed  at  will,  and  pat- 
terns would  result." 

Frost  obtained,  in  1777,  a  patent  for  a  machine  which  made  an 
article  described  as  square  net.  It  was  based  on  the  Derby-rib  frame, 
and  has  been  described  as  follows: — 

*'The  net  is  formed  by  the  use  of  the  tuck  presser  and  knotted 
points.  In  its  first  operation  the  web  was  having  one  needle  looped 
and  one  not  looped.  The  loop  was  knotted  by  being  placed  on  the 
next  needle  on  each  side.  In  the  next  course  the  looping  and  knotting 
were  reversed,  the  tuck  being  on  the  needle  before  looped.  There  was 
a  further  bar  fixed  to  the  added  knotting  machine,  having  only  a  point 
to  every  other  needle.  It  had  an  additional  bar  also  to  which  were 
affixed  horns.  The  point  bar  moved  to  and  fro,  so  that  the  points 
might  be  applied  to  this  or  that  needle  without  affecting  the  horns. 
The  pressed  stitches  were  knotted  on  the  unpressed  ones  both  ways, 
the  machine  being  used  twice  every  course  for  that  purpose.  Thus, 
by  varying  the  presser  and  points  one  needle  every  course,  square 
fast  meshes  were  made." 

Step  by  step  the  machinists  made  progress  towards  the  object  of 
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their  ambition,  viz.  a  lace-weaving  machine.  The  next  important 
invention  was  the  point-net  frame,  which  seems  to  have  been  com- 
posed by  rival  inventors,  each  one  trying  to  secure  for  himself  the 
patent  and  the  gain.  It  was  a  direct  adaptation  of  the  rib-hosiery 
frame,  both  Strutt's  machine  and  Betts's  modification  of  it  being  used; 
the  top  arms  were  moved  from  side  to  side;  instead  of  machine  needles 
perpendicularly  acting  between  the  frame  needles,  a  new  series  of  in- 
struments was  placed  on  the  needle  bar  of  the  machine,  equal  in 
number  to  the  needles  in  the  frame  bar.  Each  was  in  the  form  of 
a  barleycorn,  with  its  long  blade  or  point;  the  underside  was  made 
flat,  and  had  two  eyes  to  fit  on  to  the  heads  of  the  two  needles.  The 
blades  of  these  points  or  ticklers  were  thin  enough  to  pass  between 
the  needles.  The  work  was  performed  principally  by  two  operations. 
By  the  first,  the  thread  passing  round  two  loops  made  a  series  of 
arches;  by  the  second,  on  the  thread  being  removed  from  the  base 
of  these  arches  another  higher  series  of  arches  was  made;  and  when 
the  work  quitted  the  needles  both  series  of  arches  took  a  straight 
line,  and  regular  six-sided  meshes  were  formed,  which,  when  the  net 
was  stiffened,  were  equal  in  beauty  to  the  meshes  of  real  plain  net. 
When  wet,  or  even  damp,  this  net,  however,  as  first  made,  shrunk 
into  a  fabric  looking  like  crape. 

By  the  addition  of  a  small  contrivance  in  1786,  invented  by  John 
Rogers,  of  Mansfield,  this  machine  made  net  with  fast  loops,  and 
brought  a  trade  to  Nottingham  alone  employing  over  15,000  men, 
women,  and  children. 

When  hosiery  machinists  discovered  that  knitted  fabrics  could  be 
produced  upon  a  warp  machine  which  had  a  separate  thread  for  every 
needle  instead  of  one  thread  for  all  the  needles,  a  great  advance  was 
also  made  for  the  lace  loom.  As  we  have  already  shown,  one  of  the 
special  merits  of  the  warp  machine  is  its  ability  to  utilize  any  kind 
of  thread.  This  favoured  the  lace  manufacturers  very  strongly.  Be- 
sides, the  warp  ends  acted  as  pillars  upon  which  the  traversing  threads 
could  be  carried.  Had  no  other  form  of  lace  machine  been  invented, 
the  warp  frame  might  have  served  all  practical  purposes.  It  happened, 
however,  that  another  ingenious  machine,  originally  known  as  Heath- 
coafs  bobbin-twist  net  loom,  came  in  to  rival  and  modify  the  warp 
frame.  So  close  has  been  the  association  of  those  two  inventions 
that  it  is  difficult  to  separate  them  in  history.  Keeping  to  the  warp 
frame  for  the  present,  we  shall  endeavour  to  follow  clearly  its  course 
of  development. 
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Warp  Lace  Frames. — Writing  in   1868,   Felkin  said: — 

"The  substitution  of  a  warp  thread  to  every  needle,  instead  of 
confining  the  whole  set  of  needles  to  successive  loopings  upon  one 
thread,  it  was  soon  discovered,  had  introduced  great  facilities  for 
varying  the  meshes  which  might  be  made  on  the  warp  machine. 
Accordingly  attempts  to  get  an  openwork  article  of  lacey  appear- 
ance from  it  were  made  about  1795.  These  were  attended  with  con- 
siderable success.  At  the  beginning  of  the  present  [nineteenth]  century 
improvements  were  brought  forward  in  the  use  of  the  machine,  by 
which  it  was  adapted  for  the  manufacture,  not  only  of  plain,  but  also 
of  figured  lace.  Further  modifications  have  simplified  the  mechanical 
arrangements  so  much  as  to  greatly  facilitate  changes  in  the  articles 
produced  by  it.  To  the  heaviest  cloths  for  warmth  was  rapidly  added 
the  fabrication  of  the  lightest  gossamer  silk  net  lace,  silk  blondes  and 
edgings,  cotton  tattings  and  pearls,  antimacassars  and  d'oyleys  of 
durable  qualities  and  effective  designs,  thick  threaded,  pearled,  and 
finished  in  the  loom — these  all  now  form  classes  of  goods  of  very 
large  home  consumption,  and  enter  equally  into  our  export  trade. 
The  low  prices  at  which  they  can  be  sold,  combined  with  the  dura- 
bility of  the  heavier  kinds  of  cotton-warp  articles,  have  made  them 
the  sure  pioneers  of  our  trade  for  more  expensive  lace  goods  in  parts 
of  the  world  where  otherwise  but  little  lace  would  go." 

Many  changes  have  come  over  the  lace  trade  since  these  words 
were  written ;  but  they  serve  to  indicate  the  service  rendered  to  the 
industry  by  the  warp  machine. 

In  dealing  with  hosiery  we  showed  the  value  of  what  are  known 
as  DaivsorCs  "wheels^  and  the  irregularly  notched  wheels  have  been  of 
great  service  to  lace  manufacture.  Simon  Orgill,  of  Castle  Donington, 
was  the  first  to  adapt  the  warp-lace  frame  to  Dawson's  wheels,  in  1807;^ 
but  his  example  was  quickly  followed  and  improved  upon  by  others. 
The  leading  patents  and  dates  of  their  introduction  were:  Vickers  and 
Gray,  spotting  bar  and  wheels,  1807;  Kirkland,  two-course  silk  net,  1809,' 
Daycock  and  G.  Morrison,  wheels  and  dividing  bars  for  making  silk 
blonde,  181 1;  Copestake,  of  Stapleford,  and  Reed,  of  Radford,  wheels 
for  producing  warp  tattings,  1822;  William  Hardy,  of  Nottingham,  spot- 
ting and  figuring  twist  net,  1824;  William  Herbert,  wheels  for  tattings 
in  imitation  of  bobbin  net,  1833.  Herbert  was  a  remarkable  man,  who' 
twice  won  and  lost  a  fortune,  and  died  possessed  of  some  property.  He 
devised  a  machine  in  which  pins  and  plates  were  substituted  for  the 
chain  wheel,  afterwards  perfected  by  Crofts,  and  found  of  great  value. 
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An  obvious  limit  to  the  power  of  the  warp  frame  was  the  absence 
of  wide  traversing  power.  To  remedy  this  defect  Messrs.  Whiteley 
&  Co.  invented  a  machine  which  accomplished  the  traverse  and  made 
a  tissue  named  taffeta.  In  1851  Helmsley  put  longitudinal  bars  on 
the  frame,  which  carried  the  thread  in  a  diagonal  traverse,  and  gave 
further  mobility  to  the  machine.  Bit  by  bit  the  frame  was  gradually 
brought  under  the  weaver's  control.  In  1864  Messrs.  Gamble  &  Ellis 
took  out  a  patent  for  a  warp  machine,  which  they  thus  specified: — 

''Instead  of  the  warp  fabrics  consisting  of  pillars,  each  produced 
by  looping  continually  a  single  thread,  so  as  to  make  a  chain  re- 
sembling tambour  work;  which  pillars  were  connected  together  into 
a  fabric  by  other  threads  which  do  not  loop  on  themselves,  but  which 
catch  or  link  first  with  one  pillar  and  then  with  another,  and  which 
may  pass  only  from  one  pillar  to  the  next,  or  may  traverse  a  greater 
distance — this  improved  fabric  diff"ers  from  them  in  that  the  con- 
necting thread  or  threads  heretofore  caught  one  only  of  the  three 
thicknesses  of  thread  of  which  such  looped  pillar  is  composed,  while 
we  cause  them  in  each  course  to  catch  two  of  these  thicknesses.  The 
advantage  of  this  is  that,  whereas  on  the  former  plan,  in  close  work 
with  a  satinlike  face,  where  in  each  course  the  connecting  threads 
were  carried  sideways  over  two  or  more  pillars,  and  on  the  face  of 
the  work  float  over  the  pillars  intermediate  to  those  which  they  catch, 
the  back  of  the  fabric  has  exhibited  the  pillars  as  heavy  ribs,  because 
the  connecting  threads  only  caught  one  of  the  three  thicknesses  of 
each  pillar,  and  left  the  other  two  pillars  on  the  back  of  the  work. 
On  our  plan,  by  catching  two  of  the  three  thicknesses  of  each  pillar, 
this  ribbed  appearance  is  to  a  great  extent  got  rid  of,  the  back  and 
front  resembling  each  other,  save  that  at  the  back  the  connecting 
threads  do  not  float  entirely  clear  of  the  pillars  intermediate  to  those 
which  they  catch;  but  the  connecting  threads  are  held  down  to  the 
intermediate  threads  by  a  single  thickness  of  the  pillar  passing  over 
them.  In  the  openwork  also,  catching  with  or  twisting  round,  two 
thicknesses  of  the  pillars  instead  of  only  one,  gives  the  pillar  much 
more  nearly  the  appearance  of  a  true  twisted  pillar. 

"In  this  machine  there  is  a  needle  bar  having  needles  with  eyes 
applicable  to  other  warp  machines,  each  having  a  channel  leading 
up  to  the  eye  in  which  the  thread  lies,  not  disturbed  by  loops  of 
work  passing  over  it. 

"Also,  there  are  in  front  of  the  work  points  which  catch  the 
thread,  rise,  or  pass  between  it  and  the  needle,  and  so  leave  a  loop 
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upon  the  points,  of  which  there  are  two  to  a  needle.  These  points 
pass  the  loops  sideways,  and  dehver  them  on  to  the  needles;  which 
process  by  repetition  forms  the  pillars. 

''Extra  guides  and  threads  may  be  used  to  lay  on  or  to  work  their 
threads  into  the  fabric  for  ornamental  purposes.  And  threads  may  be 
laid  in  from  side  to  side;  and  these  threads  may  form  the  sole  connec- 
tion between  the  pillars,  and  so  form  the  open  network  with  rectangular 
holes;  or  these  may  be  filled  up  by  traversing  the  connecting  threads. 

"Or  the  needle  bar,  by  a  shogging  movement,  may  pass  the  new 
loop  through  the  next  old-loop  needle  thread.  The  machine  thus 
arranged,  the  needle  threads  will  produce  a  ground  fabric  without 
connecting  threads;  this  may  be  ornamented  by  threads  laid  into  it 
by  means  of  guides." 

Improvements  on  the  Warp  Frames. — Underlying  all  the  efforts 
of  the  lace-machine  inventors,  sometimes  conscious  and  often  uncon- 
scious, the  desire  to  produce  pillow  lace  by  mechanical  means  was 
ever  present.  To  change  the  direction  of  a  thread,  or  set  of  threads, 
up  and  down,  backwards  and  forwards,  while  forming  a  sound  fabric, 
seemed  almost  beyond  human  skill,  yet  ardent  machinists  hoped  that 
it  might  be  accomplished.  We  have  seen  the  warp  frame  and  the 
bobbin-net  frames  emerge  from  the  stocking  frames,  one  part  after 
another,  and  have  acquired  some  insight  into  the  aims  of  the 
machinists  and  the  principles  of  the  machines.  Laborious  as  the 
method  may  appear,  by  no  other  could  we  hope  to  master  the  lace 
industry.  The  machines  at  present  in  use  merely  epitomize  the  his- 
tory of  lace-machine  development.  Ingenious  as  the  inventors  of  lace 
machinery  have  shown  themselves  to  be,  not  one  can  claim  absolute 
originality  such  as  may  be  claimed  for  William  Lee.  Each  inventor 
has  been  dependent  upon  the  work  of  his  predecessors,  and  often,  it 
must  be  said,  of  his  contemporaries.  In  order  to  understand  each 
machine  we  must  know  something  about  the  one  which  it  displaced, 
or  that  which  suggested  the  improved  motion  to  the  inventor. 

The  warp  frame  supplied  one  factor  in  the  desired  structure,  for 
in  all  pillow  lace  half  the  waved  lines  proceed  from  end  to  end  of 
the  piece;  the  difficult  matter  was  to  find  a  means  of  combining 
with  these  threads  the  other  half  of  the  threads  in  fast  meshings, 
while  following  oblique  and  diverse  courses.  This  object  has  been 
variously  attained,  but  at  the  beginning  of  the  nineteenth  century  it 
seemed  a  practical  impossibility. 
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Robert  Brown's  Fishing-net  Machine. — Among  the  many  failures 
whose  work  contributed  to  the  success  of  others,  Robert  Brown  stands 
distinguished.  He  was  a  framework  knitter  originally,  of  New  Radford, 
Nottinghamshire.  In  1802  Brown  took  out  a  patent,  which  he  thus 
specified : — 

**  A  machine  for  the  purpose  of  manufacturing  by  this  more  speedy, 
simple,  and  neat  method  fishing  nets,  horse  nets,  garden  nets,  furniture 
nets,  nets  for  wearing  apparel,  and  all  other  articles  of  network,  having 
the  same  diamond  mesh  and  knot  hitherto  tied  by  the  hand  with  the 
netting  needle  in  fishing  nets;  also  for  manufacturing  divers  other 
figured  meshes  with  any  thread,  twist,  twine,  cord,  jersey,  or  yarn 
produced  from  animal,  vegetable,  or  mineral  substances." 

Brown  had  certainly  a  comprehensive  notion  of  what  he  wished 
to  accomplish.  Unfortunately,  the  inventor  was  unable  to  bring  his 
machine  to  that  point  of  perfection  which  practical  success  demands. 

Clumsy  in  some  parts,  and  lacking  directness  of  appliance  in 
others.  Brown's  machine  could  actually  make  net.  It  was,  in  fact, 
the  first  twist-net  frame,  and  we  have  more  than  a  suspicion  that 
it  formed  a  fresh  starting-point  for  machinists  in  their  efforts  to 
devise  a  lace-making  machine.  Taken  as  a  whole,  the  story  of  the 
invention  of  the  traverse  bobbin-net  machine  is  a  very  confused  tale. 
A  clear  narrative  can  be  drawn,  however,  by  taking  a  line  through 
the  biography  and  circumstances  of  John  Heathcoat,  the  man  who 
gained  the  victory. 

John  Heathcoat. — The  youngest  son  of  a  small  farmer  at  Duffield, 
near  Derby,  John  Heathcoat  was  born  on  7th  August,  1783.  When 
he  was  in  his  seventh  year  the  family  removed  to  Long  Whatton,  near 
Loughborough,  for  reasons  of  some  importance  to  our  story.  The 
father  had  been  disabled  by  blindness  for  following  his  vocation  as 
a  farmer,  and  some  other  means  of  income  had  to  be  found.  Embark- 
ing his  capital  in  the  purchase  of  some  stocking  frames,  he  let  them 
out  on  hire  to  neighbouring  stockingers,  the  family  doubtless  employ- 
ing those  which  were  not  let.  In  that  way  a  fair  income  was  obtained 
and  the  Heathcoat  family  brought  up  in  ordinary  comfort.  About  the 
age  of  ten  young  Heathcoat  was  apprenticed  to  a  hosiery  manufacturer 
of  the  village,  named  Swift;  but,  the  work  being  too  heavy  and  coarse, 
his  indenture  was  cancelled,  and  he  was  again  apprenticed,  this  time 
to  a  framesmith  and  maker  of  Derby -ribbed  stockings,  William 
Shepherd  by  name. 

At  the  conclusion  of  his  apprenticeship,  when  he  was  about  eighteen 
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years  of  age,  John  Heathcoat  went  to  Nottingham  in  search  of  work, 
and  obtained  employment  with  Leonard  Elliot,  an  ingenious  frame- 
smith,  whose  business  he  afterwards  acquired.  In  1803  Heathcoat 
married  a  lady,  Ann,  daughter  of  William  Caldwell,  of  Hathern, 
and  removed  to  Hathern  in  1804.  William  Caldwell  and  his  son 
Samuel  were  both  ingenious  mechanics,  and  it  was  to  work  in  con- 
junction with  them  that  Heathcoat  went  to  Hathern. 

At  this  time,  in  addition  to  Brown  of  fishing-net  note,  several 
machinists  of  Loughborough,  the  nearest  town  to  Hathern,  had  been 
labouring  at  the  problem  of  the  traverse  bobbin-net  machine.  Amongst 
these  were  Edward  Whittaker,  Charles  Hood,  and  James  Hood.  In 
1804  Whittaker  had  invented  a  machine  upon  which  he  claimed  that 
imitation  pillow  lace  could  be  made.  What  were  the  exact  features 
of  this  machine  it  is  impossible  now  to  make  sure,  but  we  have  the 
significant  statement  of  James  Hood  that  '*  Whittaker's  frame  had 
half  the  threads  drawn  from  a  warp  beam  and  half  the  threads  wound 
on  bobbins  mounted  on  a  carriage". 

It  seems  that  James  Hood,  along  with  some  others,  aided  Whittaker 
financially,  and  when  the  latter,  who  was  a  dissipated  genius,  had 
wearied  them  out,  James  Hood  asked  Charles,  his  brother,  who  had 
fine  mechanical  gifts,  to  try  what  he  could  do  to  perfect  the  machine. 
Unable  to  make  anything  out  of  the  frame  as  it  stood,  Charles  Hood 
proposed,  in  conjunction  with  John  Wallis,  of  Loughborough,  to  con- 
struct another  on  a  fresh  plan.  After  working  at  it  for  two  or  three 
years.  Hood  gave  up  the  effort  in  despair,  and  sold  both  his  own  and 
Whittaker's  contrivances  to  John  Heathcoat  for  a  trifling  sum.  It  is 
said  that  Heathcoat  ever  afterwards  regretted  having  purchased  Hood's 
tools  and  machines;  but  we  must  take  the  facts  as  they  stand. 

We  are  now  able  to  return  to  Heathcoat  himself.  Felkin,  who  was 
a  fervent  believer  in  Heathcoat's  genius,  took  great  pains  to  justify  him 
against  detractors.  In  pursuit  of  that  subject  he  compiled  the  following 
papers,  published  at  length  in  his  great  History  of  Machifie-ior ought 
Hosiery  and  Lace  Manufactures: — 

"Some  particulars  of  the  invention  of  the  bobbin-net  machine, 
patented.  No.  3151,  in  1808,  and  No.  3216,  in  1809,  by  John  Heathcoat, 
Esq.,  as  stated  by  him  i8th  June,  1836,  to  Mr.  T.  R.  Sewell  and  Mr. 
William  Felkin.  (Taken  down  in  shorthand  by  the  latter,  while  Mr. 
Heathcoat  was  speaking.) 

"When  I  was  a  boy  at  Long  Whatton,  in  Leicestershire,  with  my 
mother,   a  girl   used  to  come  in  to  see  her,  whose  cousin  had   been 
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employed  at  the  factory  of  one  Dawson,  in  London,  whom  she  de- 
scribed as  having  made  a  fortune  by  making  lace  upon  machinery. 
On  one  of  these  calls  the  girl  turned  round  to  me  and  said  jocularly: 
'Why  can't  you  do  so,  John?*  This  fixed  my  attention  so  much  that, 
although  it  occurred  forty  years  ago,  it  returns  to  my  recollection  even 
now.  I  do  not  mean  to  attach  too  much  importance  to  this  incident, 
yet  no  doubt  it  had  an  influence  in  the  direction  of  my  thoughts  and 
energies  at  a  future  period  of  my  life.  Point  net  was  then  made,  and 
the  lace  trade  excited  some  interest.  About  the  time  I  grew  towards 
manhood,  warp  piece  goods  (not  lace)  were  also  beginning  to  be  made. 
I  worked  for  my  bread,  and  I  tried  to  invent.  I  did  so  by  finding  out 
a  different  mode  of  carrying  the  thread  in  the  warp  machine  to  what 
was  in  ordinary  use,  viz.  passing  the  thread  over  the  needles  on  which 
loops  had  been  formed  immediately  above  the  threads,  and  also  over 
the  next  needle,  so  as  to  form  a  kind  of  lace.  But  I  soon  learnt  that 
this  had  been  discovered  before,  though  I  had  no  knowledge  of  it. 
The  first  warp  machines  were  making  'Berlin',  and  the  person  with 
whom  I  then  worked  altered  one  to  make  '  mitts'  of  a  lacey  appearance, 
and  approaching  the  lace  fabric.  A  man  about  that  time  made  four- 
and  six-course  warp.  For  a  time  it  was  supposed  by  many  that  the 
difference  between  pillow  and  machine  lace  was  solely  in  the  material 
used ;  but  everybody  soon  knew  that  they  were  different  in  some  other 
respects,  and  it  was  ascertained  that  the  texture  was  difi'erent.  I  set  to 
work  to  inform  myself  in  what  the  peculiarity  in  the  texture  of  pillow 
lace  consisted,  and  tor  this  purpose  obtained  a  sight  of  the  process  of 
making  it.  A  pretty  heap  of  chaotic  materials  I  found  it!  Like  peas 
in  a  frying  pan  dancing  about.  After  watching  the  workwoman  and 
minutely  examining  the  lace,  I  found  much  difficulty  from  the  circum- 
stance that  a  thread  which  had  been  carried  some  time  lengthwise 
sometimes  became  a  traversing  one,  and  vice  versa.  It  was  impossible, 
under  the  natural  supposition  that  this  was  part  of  the  system,  and 
not,  as  it  really  was,  an  irregularity,  for  me  at  first  to  trace  the  course  of 
the  threads  so  as  to  understand  their  ordinary  and  regular  progress. 
At  length  I  made  out  that  one  part  was  passed  to  the  right  hand, 
another  to  the  left,  and  a  third  seemed  to  be  independent  of  them,  never 
deviating  in  their  course,  but  always  passing  straight  through  the 
length  of  the  piece.  This  part  of  the  threads  I  saw  might  be  put  on 
a  beam  for  a  warp;  and  it  was  this  discovery  that  simplified  my 
subsequent  progress  in  attempting  to  mechanize  the  processes  of 
pillow. 
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"In  my  first  attempt  mechanically  to  make  bobbin  lace  the  bobbins 
were  arranged  in  a  fanlike  order  on  pinions,  and  thus  radiating  they 
were  made  to  twist  round  each  other,  and  a  row  of  pins  forced  up  the 
crossing  to  form  the  mesh.  These  pins  were  fixed  on  a  bar,  but  they 
spread  out  and  contracted ;  lying  between  guides,  they  expanded  on 
receding  and  contracted  when  brought  in  contact  with  the  fork,  forcing 
up  the  twist  and  the  crossing,  until  the  meshes  became  of  the  right  size 
and  shape.  By  this  arrangement  and  process  only  very  narrow  strips 
could  be  made.  However,  I  constructed  a  machine  to  produce  three 
such  pieces  at  a  time.  Lord  Lyndhurst,  then  Sergeant  Copley,  always 
said  that  this  machine  was  by  far  the  most  ingenious  of  any  upon  which 
lace  was  ever  made. 

"The  value  of  lace,  however,  is  so  much  enhanced  by  its  being 
made  of  greater  width,  that  I  determined  to  make  it  even  a  yard  wide. 
At  this  time  I  had  arrived  at  the  important  point,  that  having  actually 
made  lace  as  above  described,  I  had  satisfied  myself  my  principles  were 
sound  and  well  based.  But  I  now  clearly  found  out  that  while  half 
the  threads  must  be  active,  the  other  half  might  be  passive,  and  I 
therefore  put  the  latter  on  a  beam.  Having  thus  fixed  the  warp,  to 
accomplish  my  wish  for  making  a  wider  lace,  I  tried  to  bring  the 
threads  to  twist  in  a  narrower  compass.  I  first  tried  a  machine  with 
the  bobbins  spread  out;  then  I  tried  the  flat  bobbin.  The  first  flat- 
bobbin  machine  was  a  single  tier.  I  carried  up  the  threads  by  means 
of  a  steeple  top  on  the  carriage.  Great  difficulty  was  experienced  in 
getting  bobbins  and  carriages  thin  enough,  the  space  in  which  they 
were  to  move  being  so  limited.  At  last  I  was  driven  to  the  double 
tier,  and  thus  obtained  the  requisite  space. 

"All  I  knew  of  previous  attempts,  and  all  that  I  now  believe  had 
ever  previously  been  done,  was  this.  Moore  had  by  mechanical  means 
and  arrangements  obtained  a  twist  on  both  sides,  by  carrying  threads 
over  each  other  and  then  back  again.  I  did  not  then  know  of  this 
plan  ;  it  came  to  my  knowledge  afterwards.  Whittaker  made  a  machine 
in  which  eight  or  ten  threads  to  an  inch  were,  (and  as  he  said)  produc- 
ing an  article  having  wavy  lines  like  blonde  in  effect,  and  made 
entirely  by  the  use  of  bobbins;  but  the  implication  in  Ure's  state- 
ment that  Whittaker  had  made  thin  bobbins  to  gain  the  space  necessary 
for  them  to  pass  is  not  true.  His  comb  bar  was  like  the  jack  bar  of 
a  stocking  frame,  and  in  several  respects  the  machine  presented  im- 
possibilities for  making  lace.  In  some  cases  ten  times  too  much  thread 
would  have  been  given  off  from  the  bobbins. 
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"Charles  Hood's  tools  having  been  offered  me  for  purchase,  and 
himself  desiring  work  as  a  smith,  I  bought  them  of  him.  On  looking 
over  these  tools  I  found  amongst  them  a  bar  resembling  the  jack  bar 
of  a  stocking  frame.  He  told  me  that  Whittaker  had  shown  him  a 
bit  of  lace  said  to  have  been  made  upon  a  machine,  but  which  Hood 
stated  he  had  ascertained  was  not,  but  was  most  probably  made  by 
hand.  Hood  asserted  that  lace  had  never  been  made  upon  Whittaker's 
machine,  and  I  saw  that  it  never  could.  Hood  tried,  however,  to 
modify  the  machine,  hoping  to  accomplish  this  end.  He  laid  aside 
the  bobbins,  and  used  plates  of  iron  to  which  the  threads  were  tied; 
and  by  alternate  movements  he  made  lace;  but  it  was  like  Moore's 
lace — it  had  no  traverse.  The  lace  was  made  on  a  horizontal  plane; 
at  one  end  he  carried  up  his  twist  by  bits  of  wood,  which  passed 
between  the  threads  and  drove  up  a  twist  and  the  crossing  at  the  same 
time,  perhaps  the  space  of  2  yd.  These  attempts  of  Whittaker  and 
Hood  were  the  only  things  of  which  I  decidedly  knew,  before  my  patent, 
in  which  there  was  any  approach  towards  making  twist  or  bobbin-net 
lace.  The  one  had  tried  to  make  it  all  by  bobbins,  but  never  did  nor 
ever  could  by  his  machine  thus  make  it;  the  other  made  lace,  but  not 
bobbin-net  lace.  But  before  then,  nor  to  this  day,  have  I  ever  heard  of 
anyone  besides  myself  who  had  entertained  the  idea  of  separating  the 
threads,  placing  part  in  a  warp  and  using  the  remainder  in  bobbins, 
thus  making  lace. 

"The  stocking  frame  had  certain  parts  used  in  my  bobbin-net 
machine;  the  point-net  frame,  the  warp  machine,  the  Vaucanson 
loom,  even  the  old  weaving  loom,  and  many  others,  have  all  one 
or  more  of  these  mechanical  principles  or  arrangements  used  in  my 
machine.  I  do  not  claim  the  invention  of  a  bobbin  itself;  but  I  had 
great  difficulties  to  surmount  in  getting  one  thin  enough.  The  founda- 
tion of  my  invention  was  in  getting  rid  of  half  the  threads  by  the  warp 
beam ;  but  then  came  the  enquiry  how  the  rest  were  to  be  got  to  twist 
in  the  proper  space.  Were  this  now  to  be  done,  my  impression  is 
that,  so  great  was  the  difficulty,  I  should  not  attempt  its  accom- 
plishment. 

'*  I  admit  the  merits  of  other  men.  Brown's,  with  his  shuttle  for 
the  fishing-net  machine;  or  Whittaker's,  for  his  bobbin.  Brown's 
machine  I  never  saw;  his  specification  I  had  a  knowledge  of.  I  had 
also  a  knowledge  of  certain  parts  of  Whittaker's.  I  allow  them  the 
credit  of  their  materials;  I  took  up  their  crude  materials,  and  I  claim 
all   that   is    intermediate  between  these  materials  and   the  bobbin-net 
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machine.  My  claim  will  be  allowed,  I  am  persuaded,  by  the  suf- 
frage of  every  man  competent  to  form  a  judgment  of  mechanical 
inventions." 

The  Bobbin-net  Loom.  —  From  the  simple  narrative  quoted  the 
fine  nature  of  the  inventor  and  the  general  character  of  his  contriv- 
ances clearly  appear.     Heathcoat  actually  twice  invented  a  lace-making 


Fig.  530. — Heathcoat's  Second  Lace  Machine:  front  view 


machine,  discarding  the  first  because  it  was  not  capable  of  producing 
a  broad  web.  Though  long  superseded,  this  machine,  as  it  came 
from  the  hands  of  its  great  inventor,  is  worth  examining,  because  it 
contains  most  of  the  important  parts  of  the  lace  looms  at  present 
in  use  (fig.  530). 

The  warp  extended  between  two  horizontal  beams,  the  lower  one 
having  the  warp  wound  upon  it,  while  the  threads  in  two  divisions 
passed  up  through  guides,  every  alternate  thread  being  held  at  one 
level,  on  to  the  upper  beam.  Each  set  of  warp  threads  is  capable 
of  motion  from  right  to  left  or  left  to  right. 
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The  bobbins  were  round  double  discs  connected  by  a  pin  in  the 
centre,  and  the  thread  was  contained  in  the  space  between  the  discs, 
being  wound  upon  the  centre  pin.  Each  bobbin  was  placed  in  what 
was  called  a  carriage,  small  brass  frames  formed  so  as  to  be  capable 
of  hanging  freely  in  what  have  been  named  the  comb  bars.  These 
bars  are  each  divided  into  a  number  of  grooves,  or  combs,  running 
at  right  angles  to  the  length  of  the  bars.  They  are  so  placed  in 
back  and  front  of  the  warp  threads  as  to  be  in  the  circumference  of 
a  circle.  When  the  carriages  containing  the  bobbins  are  placed  in 
the  grooves,  they  are  not  only  kept  at  equal  distances  laterally,  but 
they  can  be  made  to  move  like  so  many  clock  pendulums,  oscillating 
along  the  grooves  through  the  longitudinal  or  beam  threads  (warp) 
by  levers  called  locker  bars,  which  hang  in  the  centre  of  the  circle 
in  the  circumference  of  which  the  comb  bars  are  placed.  By  one 
of  the  locker  bars  the  bobbins  are  passed  halfway  through  the  threads, 
and  received  on  the  other  side  by  a  similar  bar. 

When  the  locker  bars  have  passed  the  bobbins  containing  the 
crossing  threads  through  the  warp,  the  comb  bar  which  receives  them 
on  the  other  side  moves  laterally  a  space  equal  to  the  distance  between 
two  threads.  Therefore,  if  the  bobbins  are  brought  back  on  the 
contrary  side  of  each  warp  thread,  a  half-twist  will  have  been  effected. 
Again,  if  the  bobbins  are  brought  by  a  lateral  motion  of  the  comb 
bar  to  the  place  from  which  they  all  started,  and  brought  through 
between  the  warp  threads,  the  latter  will  have  made  a  complete  twist. 

Point  Bars. — In  order  that  the  crossing  threads  might  themselves 
be  crossed  on  each  other  an  additional  motion  was  required.  Quot- 
ing from  the  original  description  of  the  machine,  we  find:  "A 
number  of  pins  equal  to  the  number  of  diagonal  (crossing)  threads 
are  placed  in  a  bar  at  equal  distances.  This  bar,  called  a  pohit  bar^ 
is  made  to  move  backwards  and  forwards  on  an  axis  with  pivots,  by 
which  means  it  can  pass  freely  between  the  threads,  and  be  with- 
drawn at  pleasure.  Previous  to  crossing,  every  other  bobbin  is  so 
moved  as  to  form  one  distinct  row,  and  thus  form  two  distinct  rows 
of  the  whole;  one  row  being  a  little  behind  the  other.  Then  the 
points  are  made  to  enter  the  first  row.  They  then  receive  a  lateral 
movement,  till  the  points  are  opposite  to  one  division  farther  to  the 
left  of  the  second  row.  The  effect  of  this  is  that  the  right  side  of 
the  threads  of  the  first  row  is  in  contact  with  the  left  side  of  each 
pin;  while  the  left  side  of  the  second  row  of  threads  is  contiguous 
to  the  right  side  of  each  pin,  and  the  diagonal  threads  are  crossed. 


{«) 
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Two-twist  Bobbin  Net  when  making,  showing  the  diagonal  traversing  of  bobbin  or  weft  threads 


(i) 


Two-twist  Bobbin  Net  when  taken  off  the  Machine 


Three-twist  untraversed,  called  when  traversed  Brussels  Net 


(d) 


Four-twist  untraversed,  called  Square  Net;  it  is  not  crossed,  but  platted  at  the  corner  of  the  mesh 


(e) 


Called  Platted  Net :  having  platted  four  thread  pillars  and  four  sides  each  of  two  threads  twisted 

but  not  traversed 


Fig.  i3i. — Diagrams  of  Bobbin-net  La;e 
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This  has  prepared  them  for  twisting  with  their  contiguous  longitudinal 
(warp)  threads.  There  is  another  set  of  points  which  are  in  every 
operation  used  to  relieve  the  first  set.  The  first  set  have  grooves  in 
the  upper  side;  lengthwise  into  these  grooves  the  points  of  the  second 
set  are  brought  and  occupy  the  place  of  the  first  which  are  thus  re- 
leased, and  are  employed  in  forming  the  new  crosses  in  the  subse- 
quent operation.  In  forming  the  crosses,  as  above  described,  the 
threads  are  crossed  above  and  below  the  points.  The  lower  cross 
is  done  away,  by  giving  a  lateral  movement  to  each  of  the  rows  of 
bobbins  in  contrary  directions." 

Production  of  Heathcoat's  Invention.  —  How  much  Heathcoat 
accomplished  can  best  be  estimated  by  examining  the  powers  of  his 
lace  machine.  In  the  loom  the  warp  threads  are  kept  at  tension, 
and  therefore  appear  as  straight  threads,  round  which  crossing  threads 
have  been  twisted  (fig.  531, «).  When  taken  from  the  loom,  however, 
the  pull  of  the  crossed  threads  asserts  itself,  and  the  whole  fabric 
becomes  a  true  lace  net  (fig.  531,^).  Similarly,  if  three  twists  of  the 
crossing  threads  are  put  upon  the  warp  threads,  the  result  is  a  larger 
mesh,  known  as  three-twist  (fig.  531,  c).  Four-twist  is  even  more 
decisive  in  character  (fig.  531,  d),  showing  the  powerful  effect  of  the 
crossing  threads  upon  the  warp,  converting  the  straight  lines  of  the 
latter  into  component  parts  of  the  mesh.  Platted  net  (fig.  531,  e) 
shows  the  effect  of  simply  doubling  the  combination  of  warp  and 
weft,  without  traverse,  and  gives  a  clear  hint  of  possibilities  of  the 
loom  in  the  making  of  complex  laces. 

Rivals  and  Improvers. — Capable  from  the  moment  it  left  Heath- 
coat's  hands  of  producing  net  lace,  the  machine  was  yet  a  long  way 
from  being  perfect.  Other  workers  in  the  same  field,  seeing  the  success 
Heathcoat  had  achieved,  took  courage,  and  brought  their  inventions 
forward.  Notable  among  these  was  John  Brown,  of  New  Radford, 
near  Nottingham,  who  brought  out  the  machine  known  as  the  traverse 
warp  lace-making  machine.  Brown  held  to  the  old  idea  of  the  warp 
frame,  and  is  generally  regarded  as  having  adapted  Heathcoat's  devices 
to  that  form  of  machine. 

More  important  was  the  invention  of  Messrs.  Samuel  Clark  and 
James  Mart,  of  Nottingham,  which  made  a  distinct  improvement  upon 
Heathcoat's  frame.  This  invention  was  known  as  the  pusher,  and 
carried  out  an  idea  which  then  had  become  common  to  the  trade. 

"The  carriages  containing  the  bobbins  were  pushed  by  long 
instruments   through  the  warp  threads;    which   bobbin    threads   were 
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drawn  off  downwards  and  the  net  thus  formed  below  was  carried  on 
to  a  work  beam  also  in  the  reversed  position.  The  carriages  were 
only  held  on  short  combs  by  the  tension  of  the  bobbin  threads.  An 
important  difference  exists  between  the  double-tier  circular  machines 
and  the  pusher.  In  the  circular,  pairs  of  bobbin  threads,  with  their 
carriages,  must  necessarily  act  together;  they  cannot  be  parted  in 
operation  and  effect.  Whereas,  in  the  pusaer,  every  bobbin  and 
carriage  being  operated  upon  by  an  independent  pusher  just  as 
wanted,  can  be  obliged  to  proceed  in  any  direction  desired,  or  re- 
main at  rest.  Thus  cloth  work  can  be  made  more  uniform  and 
clear." 

Morley's  Straight  Bolt. — Of  similar  intention  to  the  above  was 
William  Morley's  straight  bolt.  Originally  contrived  in  1812,  but 
rendered  nugatory  by  restrictions  imposed  by  Heathcoat's  patent 
claims,  Morley  was  able  to  return  to  the  idea  later,  by  adapting  it 
boldly  to  the  circular  comb.  By  this  he  made  a  great  improvement, 
reducing  the  bolts  from  four  shorter  combs,  as  in  Heathcoat's  frames, 
to  two  longer  segments  of  circles,  which  are  at  present  in  use.  He 
used  pusher  bars  below  the  circular  combs  instead  of  above  them, 
to  carry  along  the  carriages;  and  nothing  could  be  more  smooth  and 
regular  than  the  movements  under  the  impulse  of  double-bladed  lockers 
of  the  carriages  and  the  amount  of  thread  given  off  from  the  bobbins 
they  contained.  He  put  his  machines  thus  improved  upon  rotary  action 
and  worked  them  by  steam  power. 

Levers's  Loom. — When  Heathcoat's  lace  machine  had  been  set  up, 
and  several  were  working  at  Loughborough,  the  lace  manufacturers 
and  framesmiths  of  Nottingham  subjected  it  to  keen  expert  criticism. 
Among  the  artisans  there  was  a  small  circle  of  friends,  all  clever 
mechanics,  named  John  Irving,  William  Skelton,  Benjamin  Thomp- 
son, and  John  Levers,  who  seem  to  have  discussed  the  new  machine. 
Criticism  was  specially  directed  against  Heathcoat's  double  tier  of 
carriages  and  the  shape  of  his  bobbin  and  carriage.  Practical  men 
as  they  were,  these  mechanics  experimented  on  the  subject.  Irving 
devised  a  spring  for  holding  the  round  bobbin  in  the  carriage  and 
regulating  the  giving  out  of  the  thread.  Seizing  on  the  idea, 
Thompson,  who  was  the  finest  workman  of  them  all,  made  and 
shaped  the  spring.  He  also  made  a  new  form  of  bobbin  and  car- 
riage. This,  however,  he  did  at  the  instigation  of  his  wife's  uncle, 
John  Levers,  who  had  quietly  thought  out  the  whole  subject  and 
secretly  constructed  a  bobbin-net  lace  machine  on  an  orginal  plan. 
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Levers  utilized  all  Heathcoat's  appliances,  but  in  a  more  masterly 
way.  He  remodelled  the  comb  bar,  placed  all  the  bobbins  in  one 
tier,  reduced  the  thickness  of  the  bobbins,  put  horns  on  the  carriage 
for  the  act  of  transfer  from  the  one  side  to  the  other,  and  in  many 
other  minor  details  added  to  the  efficiency  of  the  machine.  Fearing 
that  he  might  be  called  to  account  for  infringement  of  Heathcoat's 
patents.  Levers  neither  drew  out  any  specification  of  his  improvements 
nor  attempted  to  patent  one  of  them.  He  merely  engaged  with  a 
great  lace  firm,  named  Stevenson  &  Co.,  to  build  the  machines  for 
them.  Profitable  as  this  partnership  was,  it  was  dissolved  for  reasons 
which  nowhere  appear. 

John  Levers  was  a  clever  workman,  fond  of  music,  careless,  open- 
handed,  gay,  and  improvident,  rather  irregular  in  his  mode  of  life. 
He  profited  little  by  his  inventions,  and  died  at  Rouen  a  poor  man. 
It  has  never  been  clearly  shown  in  what  state  Levers  left  the  lace 
machine.  He  himself  considered  that  he  had  only  begun  to  show 
what  could  be  done  with  it.  Because  he  left  no  drawings,  nor  any 
records  of  his  work,  we  can  only  conjecture  how  much  of  the  machine 
as  it  at  present  stands  was  his. 

Ten  years  after  Levers's  machine  was  set  up,  John  Bertie  and 
Richard  Biddle,  both  of  Nottingham,  invented  a  method  of  making 
breadths  upon  the  frame.  This  was  in  1823.  "  By  breaking  out 
three  combs  and  cutting  one-half  the  comb  in  each  side,  having  a 
whole  comb,  and  two  and  a  half  combs  coming  over  them,  in  the  act 
of  traversing  these  combs,  and  half-combs  were  made  to  shog  back, 
and  thus  left  the  piece  divided.  They  were  joined  again  by  bringing 
up  extra  warp  threads  to  interlap  in  the  carriages  in  the  instrument 
called  a  turn-again." 

William  Barnes,   in   1827,  applied  power  to  the  Levers  frame. 

G.  Fox,  of  Radford,  devised  the  lace  called  fender  net  on  the 
Levers  machine.  After  being  neglected  for  forty  years,  it  was  revived 
and  became  fashionable  in  silk. 

John  Linley,  the  author  of  several  patents  which  have  not  been  of 
permanent  value,  applied  steam  to  the  Levers  frame,  on  a  principle 
which  he  devised  in   1816  but  did  not  make  practical  till  later. 

In  1831  William  Sneath  invented  a  method  of  spotting  on  the 
circular  bolt  machine.  This  notion  was  adopted  by  John  Litchfield 
on  the  Levers  machine  in  1834.  R.  Birkin  also  seems  to  have  made 
spotted  goods  on  the  Levers  frame  the  year  before  that. 

William  Crofts,  a  man  of  remarkable  gifts,  also  made  a  spotting 
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device  on  the  Levers  frame  in  1834.  ^^  invented  many  improvements 
of  a  minor  but  useful  character,  both  in  the  Levers  and  the  traverse 
warp  frames. 

George  Hensen,  to  whose  History  of  the  Lace  Trade  we  are  indebted 
for  much  information,  and  his  nephew,  Thomas  Alcock,  invented  many 
improvements  in  lace  machinery,  including  the  means  of  making  spotted 
net  on  the  Levers,  circular,  and  traverse  warp  machines. 

Application  of  the  Jacquard.  —  Point  bars,  carriages,  comb  bars, 
and  various  adjustments  of  these  had  failed  to  afford  the  lace  manufac- 
turers that  control  of  the  whole  of  the  threads  of  the  lace  fabric  which 
they  considered  necessary  for  the  perfect  formation  of  the  highest 
forms  of  lace.  After  the  Jacquard  had  been  introduced  into  this 
country  lace  machinists  cast  longing  eyes  towards  it;  but  the  lace 
machines  appeared  unsuited  for  the  experiment.  In  1834,  however, 
Samuel  Draper,  of  Whitemoor,  Nottingham,  boldly  essayed  the  task 
of  utilizing  the  Jacquard.  He  first  adopted  the  plan  of  traversing 
the  bobbin  threads  every  time  they  were  passed  through  the  warp 
threads,  using  extra  bars  for  the  selecting  of  the  threads,  which  he 
operated  by  means  of  an  organ-barrel  device.  This  was  the  begin- 
ning, and  its  success  emboldened  Draper  to  go  a  step  farther.  In 
1835,  therefore,  we  find  him  patenting  another  machine,  of  which  the 
following  account  is  given  by  Hensen : — 

"There  were  two  sets  of  bobbins,  arranged  one  above  the  other; 
the  upper  set  being  in  single-tier  steeple-top  carriages,  the  lower  set 
being  in  double-tier,  also  steeple-top  carriages;  the  bottom  set  tra- 
versed having  three  comb  bars,  the  back  comb  bars  being  divided 
into  two  bars.  He  traversed  with  the  bottom  set,  and  at  first  selected 
by  using  an  organ  barrel;  but,  it  is  said,  seeing  a  Jacquard  in  the 
Lowther  Arcade,  London,  he  adapted  it  to  the  lace  machine.  The 
bottom  tier  of  carriages  were  governed  by  drivers  placed  between 
the  bolts,  which  selected  any  required  carriage.  By  letting  these 
bottom  carriages  remain  stationary,  or  traversing  them  every  motion, 
he  made  net,  large  openworks,  or  clothwork.  Between  the  two  sets 
of  carriages  was  placed  a  point  bar,  riding  between  the  front  bolts, 
having  two  lengths  of  points  in  front  operated  upon  by  the  cards  of 
the  Jacquard  cylinder;  when  the  holes  in  the  latter  are  not  covered 
by  the  card,  the  pins  enter  and  the  carriages  remain  at  rest;  but  when 
the  holes  are  covered,  the  carriages  are  taken  backwards,  and  are  either 
traversed  or  are  passed  through  the  combs.  The  points  enter  the 
back  line  of  threads,  and  then  shog  to  the  front  line;  when  the  points 
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are  all  entered  it  then  shogs  to  make  the  net.  It  is  withdrawn  and 
entered  each  time  the  carriages  pass,  the  upper  carriages  making  the 
net  as  in  the  straight-bolt  and  in  organ-barrel  machines." 

This  machine  failed  to  effect  the  object  for  which  it  was  designed; 
but  it  pointed  the  way  to  the  solution  of  the  problem  involved  in 
applying  the  Jacquard  to  lace  machines.  Six  years  after  Draper's 
attempted  application  of  the  Jacquard,  Hooton  Deverill  solved  the 
problem  by  applying  the  Jacquard  to  the  ends  of  the  bars  in  the 
Levers  machine. 

Later  Developments. — The  subsequent  history  of  lace  machinery 
shows  few  new  points  of  departure.  By  the  combined  labours  of 
Crofts,  Birkin,  Livesey,  Elsey,  Sisley,  Cope,  and  many  others,  the 
Jacquard  lace  machine  was  brought  to  a  high  pitch  of  efficiency. 
The  improvements  were  intrinsically  slight  in  each  case,  though  the 
labours  of  the  inventors  were  long  and  anxious,  because  each  one 
was  working  on  his  own  lines,  and  often  in  ignorance  of  what  others 
had  already  done.  One  important  addition  worthy  of  special  mention 
is  that  of  Oldknow,  patented  in  1849,  consisting  of  thin  steel  bars 
for  acting  as  guides  to  the  warp  threads,  affording  complete  control 
of  the  warp  motions.  The  latest  improvement  on  the  Levers  loom  is 
that  known  in  the  trade  as  the  "  Gothro  ".  In  this  machine  landing 
bars  are  discarded.  Instead,  the  machine  carries  the  bobbin  threads 
twice  through  the  warp  threads  at  one  revolution  of  the  crank  shaft, 
increasing  the  working  speed  of  the  loom  by  from  30  to  40  per  cent. 


CHAPTER  VI 
The    Lace    Loom 

Parts  of  the  Lace  Loom. — The  frame  of  the  lace  loom  requires  to 
be  of  great  strength  and  solidity.  It  not  only  bears  a  heavier  weight 
of  metal  than  any  cloth  loom,  but  it  must  be  absolutely  rigid  under 
numberless  vibrations.  So  delicately  poised  are  some  of  the  parts, 
and  so  dependent  for  their  efficiency  upon  exactness  of  position,  that 
the  slightest  yielding  of  any  part  of  the  machine  will  throw  the  whole 
thing  out  of  gear.  End  beams,  cross  beams,  and  tie  beams  are  all 
of  solid  iron  or  steel. 

As  in  all  weaving  machines,  the  warp  arrangements  are  of  primary 
importance.     In  the  newer  Levers  looms  there  are  no  warp  beams ;  but 
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for  curtain  laces  and  other  common  forms  the  beam  is  still  employed. 
This  beam  is  hung  horizontally  across  the  loom,  the  warp  coming- 
up  vertically  from  it  through  various  appliances  up  to  the  lace  beam 
hanging  parallel  on  a  higher  level,  just  under  the  top  bar  of  the 
loom  frame. 


Fig.  533. — Section  of  Circular  Lace  Machine 

A,  Bottom  roller.  u  B,  Warp  guides.  c  c,  Lockers.  D  D, 
Ctmbs.  E  E,  Carriages.  F  F,  Bobbins.  G  G,  Point  bars. 
H,  Work  Roller. 


Fig.  532. — Bobbin  and  Carriage  of 
Heathcoat's  Machine 

A,  Carriage.      B,  Bobbin.      c,  Spring. 
D,  Catches. 


Fig.  534. — Carriage  of  Circular 
Machine 

A,  Carriage.       B,  Rim.       c,  Spring. 
D,  Hole.       E,  Groove. 


Warp  Guides. — Extending  the  whole  length  of  the  loom,  above 
the  warp  beam,  are  the  guide  bars  fitted  with  guides.  There  may 
be  two  or  more  guide  bars,  and  the  warp  is  divided  on  a  regular 
plan  between  them.  Supposing  that  only  two  guide  bars  are  used, 
the  warp  threads  are  divided  equally  between  them,  the  odd-numbered 
threads  on  the  one  and  the  even-numbered  threads  on  the  other. 

Bobbin  and  Carriage. — The  spool  and  shuttle  of  the  ordinary  cloth 
loom  are  represented  in  the  lace  loom  by  the  bobbin  and  carriage. 
Two  flat  discs  connected  at  the  centre  by  a  small  spindle,  the  bobbin. 
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does  not  carry  a  large  quantity  of  thread,  the  sole  accommodation  being- 
the  space  between  the  two  discs,  the  spindle  acting  as  the  core  of  the 
spool.  Thirty  bobbins  being  contained  in  an  inch,  and  the  discs  being 
brass  plates  about  the  size  of  a  crownpiece,  the  available  space  is  not 
large.     How  the  weft  supply  is  maintained  we  shall  see  later. 

The  edg-es  of  the  discs  are  bevelled  to  fit  into  the  round  hole  of 
the  carriage,  which  is  a  small  steel  frame  of  peculiar  shape.  The 
plate  of  the  carriage  containing  the  bobbin  is  shaped  like  a  blunt 
cone,  in  the  round  apex  of  which  a  hole  is  drilled.  At  the  side  of 
the  round  opening  for  the  bobbin  a  small  steel  spring  is  fixed,  which 
at  once  holds  the  bobbin  in  place  and  regulates  its  tension.  From 
the  bobbin  the  thread  passes  through  the  eye  in  the  head  of  the 
carriage.  Slightly  thicker  than  the  plate  containing  the  bobbin,  the 
base  of  the  carriage  is  grooved  on  both  sides  in  circular  lines.  Pro- 
jecting from  the  sides  at  the  base  small  points  are  formed,  one  at 
eacli  side. 

Comb  Bars. — In  front  of  and  behind  the  vertical  warp  two  long 
iron  bars  extend  the  full  length  of  the  loom.  From  the  inner  sides 
of  these  bars  curved  plates  project,  the  pair  between  them  forming 
a  half-circle,  broken  at  the  centre  by  the  small  space  necessary  for 
the  warp  to  pass  through.  The  combs  correspond  with  the  grooves 
on  the  bases  of  the  carriages.  Each  comb  bar  can  hold  the  full 
number  of  carriages  in  the  loom.  A  lateral  motion  of  limited  extent 
is  imparted  to  the  comb  bars,  which  are  thus  capable  of  changing 
the  relative  positions  of  the  carriages. 

Driving  Bars. — Over  each  comb  bar  operates  a  driving  bar,  the 
motion  of  which  is  along  the  curve  of  the  comb.  By  the  oscillating 
motion  of  these  bars  the  carriages  are  driven  from  one  comb  bar  to  the 
other.  By  the  front  bar  all  the  carriages  in  the  front  comb  bar  are 
driven  through  the  warp  on  to  the  back  comb  bar;  the  back  driving 
bar  acts  similarly  on  the  carriages  at  the  return  movement. 

Lockers. — Acting  alone,  the  driving  bars  would  hardly  cover  the 
distance  between  the  front  and  back  comb  bars.  To  make  the  trans- 
fer sure  and  complete,  another  pair  of  bars  are  placed,  one  under 
each  comb  bar,  with  plates  which  extend  upwards,  and  catch  in  the 
little  projections  on  the  bottoms  of  the  carriages.  After  the  driving 
bars  have  given  the  carriages  the  impulse  backward  or  forward,  the 
edges  of  the  plates  on  the  locker  rollers  catch  into  the  points  of  the 
carriages  and  land  them  safely  on  the  opposite  comb  bar. 

Poinfes    Bars. — Another  necessary  set  of  appliances  are  the  points 
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bars,  set  above  the  level  of  the  comb  bars.  Suspended  by  arms  from 
horizontal  shafts  round  the  axes  of  which  they  vibrate,  these  bars 
move  up  and  down  on  joints  of  the  suspending  rods.  Upon  the 
inner  flanges  of  the  bars  lines  of  pointed  needles  are  cast,  the  needles 
lying  in  a  horizontal  plane,  in  the  intervals  of  each  other,  the  points 
on  the  back  bar  coming  in  between  the  points  on  the  front  bar.  When 
at  rest  both  rows  of  needles  enter  the  lines  of  the  warp  threads,  and 
act  on  the  meshes  which  are  being  formed. 

Method  of  Working  the  Double-tier  Circular  Loom.— The  circular 
double-tier  lace  loom  is  the  machine  most  commonly  employed  for 
making  traverse  bobbin  Brussels  net.  A  single-tier  loom  of  the  same 
model  was  formerly  used,  in  conjunction  with  Jacquard  apparatus,  to 
make  curtains.  The  former  includes  the  latter,  so  far  as  the  meshing 
or  lace  making  proper  goes.  We  may  therefore  be  more  concise  if, 
instead  of  taking  both  kinds  separately,  we  examine  the  action  of  the 
double-tier  circular  loom  as  a  type  of  that  class. 

At  the  commencement  of  the  work  all  the  carriages  are  supposed 
to  be  in  a  double  tier  on  the  front  comb  bar. 

1.  The  front  guide  bar  is  shogged  to  the  right,  carrying  the  front 
warp  threads  aside  a  point;  one-half  of  the  carriages,  driven  by  the 
driving  and  pusher  bars,  are  sent  through  on  to  the  back  comb  bar. 

2.  Both  tiers  of  carriages  are  moved  into  the  back  comb  bar,  while 
the  front  guide  bar  bears  its  portion  of  the  warp  to  the  left. 

3.  Now  the  guide  bar  of  the  back  warp  threads  moves  to  the  left, 
and  the  half  of  the  carriages  pass  over  on  to  the  front  comb  bar. 

4.  The  back  guide  bar  moves  to  the  right;  the  carriages  left  on 
the  back  comb  bar  are  driven  over  to  the  front  comb  bar. 

5.  Half  the  carriages  are  driven  over  into  the  back  comb  bar, 
while  the  front  guide  bar  shogs  to  the  left. 

6.  By  another  action  all  the  carriages  are  thrust  into  the  back 
comb  bar;    the  back  guide  bar  shogs  to  the  left. 

7.  Half  the  carriages  pass  over  from  the  back  to  the  front  comb 
bar;    the  back  guide   bar  carries  the  back  warp  threads  to  the  right. 

8.  Once  again  the  whole  of  the  carriages  are  assembled  in  the 
front  comb  bar,  being  thrust  out  from  the  one  at  the  back;  the  motion 
of  the  front  guides  is  from  left  to  right. 

9.  At  the  ninth  motion  a  change  takes  place.  One-half  of  the 
carriages,  with  bobbins,  pass  into  the  back  comb,  which  moves  from 
right  to  left;  the  front  guide  bar  draws  the  front  warp  threads  to  the 
left. 
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10.  At  this  point  the  warp  threads  remain  in  position,  while  the 
carriages  in  the  front  comb  are  driven  into  the  back  comb  bar. 

11.  Half  the  carriages  pass  through  the  warp  to  the  front  comb; 
both  back  comb  and  guide  bars  are  shogged  to  the  left. 

12.  At  the  last  movement  of  the  series  the  carriages  are  once 
again  assembled  in  the  front  comb  bar,  while  the  back  comb  and 
guide  bars  move  to  the  right. 

While  these  movements  have  been  going  on,  the  points  bars  above 
have  not  been  idle.  When  a  mesh  has  been  formed,  one  of  the  points 
bars  moves  down  and  draws  up  the  threads,  holding  them  in  position. 
At  the  proper  moment  the  second  points  bar  drops  down  and  lifts  up 
another  mesh  which  has  been  formed.  At  that  instant  the  lace  roller 
revolves,  carrying  off  the  holes  already  made,  and  bringing  the  next 
range  of  meshed  threads  within  the  points  of  the  other  bar  which 
has  brought  them  up. 

Standards  and  Sizes. — Originating  from  the  stocking  frame,  the 
lace  loom  and  its  products  are  measured  by  standards  based  on  the 
hosiery-trade  practice.  The  gauge  of  a  stocking  frame  is  measured 
by  the  number  of  needles  to  the  inch.  In  like  manner  the  lace  loom 
is  gauged  by  the  number  of  bobbins  to  the  inch,  though  the  exact 
term  arises  from  the  points  bar.  For  every  bobbin  and  carriage 
there  must  be  a  point  on  the  points  bars.  Therefore,  if  there  are 
ten  bobbins  and  carriages  and  points  to  the  inch,  we  say  that  the 
gauge  of  the  loom  is  lo-point.  Looms  range  from  4-point  to  i6-point, 
the  latter  being  extremely  fine.  Cloth  gauges  afford  no  guide  to  com- 
parison, because  lace  meshing  may  involve  three  or  four  threads  for 
every  point.  The  length  of  the  mesh  has  also  to  be  taken  into  account; 
the  holes  may  be  four  to  the  inch  or  twenty  to  the  inch,  the  length 
depending  wholly  upon  the  choice  of  the  weaver  and  the  design  to 
be  worked.     As  a  rule  meshes  are  longer  than  they  are  broad. 

The  width  of  the  lace  loom  is  measured  by  the  quarter-yard  or 
9  in.  A  i2-quarter  is  108  in.,  a  13-quarter  117  in.,  a  15-quarter 
135  in.,  and  so  on. 

Pieces  or  webs  of  lace  are  measured  by  the  rack,  a  range  of  240 
meshes  counted  diagonally  across  the  fabric.  This  method  gives 
a  correct  account  of  the  number  of  motions  of  the  loom  which  were 
required  to  weave  it.  Lineal  measure  of  the  fabric  could  afford  no 
standard  for  valuing  it,  because  of  two  laces  equal  in  length  one 
may  contain  10  meshes  to  the  inch,  while  the  other  may  only  contain 
5  to  the  inch. 


BRASS    BOBBIN-WINDING   ENGINE 


AUTOMATIC   CARRIAGE    THREADER 

(Roth  by  John  Jardine,  Ltd.,  Nottiiigliam) 
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Bobbin  Winding. — We  have  already  remarked  the  smallness  of  the 
amount  of  thread  which  a  single  bobbin  can  contain;  when  it  is  further 
understood  that  as  many  as  three  thousand  bobbins  may  be  on  a  single 
loom  at  one  time,  the  work  of  bobbin  filling  must  appear  in  its  true 
importance.  Fortunately  for  the  trade,  a  highly  efficient  bobbin  wind- 
ing machine  was  invented  very  early  in  the  existence  of  the  lace  loom. 

It  is  a  small  machine,  and  may  be  driven  by  hand  or  power, 
having  at  one  end  a  weft  drum,  carrying  in  its  breadth  as  many 
threads  as  there  are  bobbins  on  the  spindle  of  the  machine.  The 
motion  of  the  drum  is  governed  by  a  pair  of  cone  pulleys  and  a 
driving  belt,  so  that  its  speed  may  be  controlled  as  the  weft  is  wound 


Fig.  535. — Bobbin-filling  Machine  :  ground  plan 

off,  and  the  circumference  of  the  drum  is  lessened.  From  the  drum 
the  threads  are  led  across  a  blackboard,  and  through  a  series  of  brass 
guides,  forward  to  the  bobbins,  sitting  edges  upwards  on  a  spindle. 
Square  holes  are  drilled  through  the  centres  of  the  bobbins,  which 
fit  on  to  the  square  sides  of  the  driving  spindle.  A  pulley  on  the 
end  of  the  bobbin  spindle  takes  on  a  driving  belt  from  the  larger 
pulley,  which  may  either  be  driven  by  a  handle  or  the  driving  gear 
of  the  factory.  After  being  carefully  inserted  between  the  two  discs, 
and  connected  with  the  small  spindle  in  the  centre  of  each,  the  threads 
are  wound  quickly  and  accurately  upon  the  bobbins.  Winding  ma- 
chines are  now  fitted  with  a  gauge  which  tells  when  the  proper 
amount  of  thread  has  been  wound  on,  and  stops  (see  the  Brass  Bobbin- 
winding  Engine  on  Plate). 

Taken  off  the  spindle,  the  bobbins  for  '*  Gothro  "  looms  are  pressed. 
A  machine  for  this  purpose,  named  the  "  Patent  Automatic  Power 
Bobbin-pressing  Machine  ",  is  made  (see  Plate).     No  matter  how  many 
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bobbins  are  pressed  at  one  time,  all  have  exactly  the  same  weight, 
the  pressure  for  two  rows  of  bobbins  being  from   12  to  15  tons. 

Bobbins  for  curtain  and  Mechlin  laces  are  seldom  pressed,  and 
they  are  taken  direct  to  the  bench  of  the  threader,  who  has  a  set  of 
empty  carriages  on  hand.  After  taking  out  the  empty  bobbin,  he 
inserts  the  full  one,  lifts  the  spring  into  place,  and  hooks  the  thread 
through  the  eye  in  the  head  of  the  carriage.  The  carriages  are  then 
borne  to  the  weaver,  who  replaces  with  them  an  exhausted  set. 

One  of  the  newest  inventions  in  the  lace  trade  is  the  "Automatic 
Carriage  Threader",  which  is  rapidly  displacing  threading  by  hand. 
It  removes  the  empty  bobbin,  places  the  empty  bobbin  in  a  box, 
inserts  a  full  bobbin,  puts  the  carriage  spring  on  the  bobbin,  threads 
the  carriage,  and  delivers  the  threaded  carriage  into  a  box  (see  Plate). 

The  Levers  Loom. — The  first  important  change  made  in  the  Levers 
loom  is  the  ranging  of  all  the  bobbins  in  a  single  tier.  This  has  been 
effected  by  reducing  the  thickness  of  the  bobbins.  Instead  of  the 
pointed  projections  on  the  bottom  of  the  circular  carriage  the  Levers 
carriage  has  earlike  projections  at  each  side,  into  which  the  catch 
bars  engage.  Pushers  are  thus  dispensed  with,  and  the  working  of 
the  loom  lightened. 

Warp  Arrangements. — For  weaving  plain  bobbin  net  a  single  warp 
beam  is  sufficient;  but  the  Levers  loom  is  designed  to  weave  laces  of 
elaborate  pattern.  Different  warp  threads  perform  different  parts  in 
the  making  of  the  pattern,  and  therefore  the  amount  of  thread  used 
may  vary  considerably.  If  all  the  warp  is  carried  on  one  beam, 
variation  in  the  length  of  thread  given  off  is  impossible.  Provision 
has  been  made  on  the  Levers  loom  for  the  variation  in  take-up  of 
warp,  there  being  as  many  warp  beams  or  bobbins  as  threads  of  warp 
which  differ  in  function  to  form  the  pattern  in  each  breadth.  The 
place  of  the  warp  beam  is  taken  by  tiers  of  rollers,  2  in.  in  diameter, 
and  the  length  of  the  machine.  If,  say,  there  are  100  variations  in 
the  take-up  of  the  warp,  100  warp  rollers,  in  tiers  of  20  each,  are 
placed  in  the  bottom  of  the  loom,  each  roller  being  fitted  with  gudgeons 
to  regulate  and  otherwise  control  the  giving  off,  assisted  by  tension 
springs  and  weights.  Each  warp  beam  must  always  carry  as  many 
threads  as  there  are  breadths  of  lace  in  the  web. 

Perforated  Bars. — Oldknow's  perforated  bars  have  long  been  ac- 
cepted as  indispensable  to  the  Levers  looms  producing  the  highest 
classes  of  fancy  laces.  Slender  strips  of  fine  steel,  perforated  for  the 
passage  of  the  warp  threads,  the  bars  extend  the  whole  width  of  the 


PATENT   AUTOMATIC   POWER   BOBBIN-PRESSING    MACHINE 

(  (olui  Jardine,  Ltd.,  NoUin"ham) 


THE   LACE   LOOM  in 

loom.  Springs  hold  the  bars  in  place  at  one  end,  and  impart  to  them 
the  resiliency  required.  At  the  other  end  the  Jacquard  guides  and 
needles  hold  them.  These  bars  perform  in  the  lace  loom  the  same 
function  as  the  healds  in  an  ordinary  cloth  loom.  Each  bar  is  threaded 
only  by  those  warp  ends  designed  to  act  in  the  same  manner  through- 
out the  whole  pattern.  So  slender  as  to  stand  in  the  one-hundredth 
part  of  an  inch,  the  bars  can  be  moved  either  backward  or  forward 
over  a  considerable  space,   in  a  lateral  direction. 

The  Lace  Jacquard.  —  In  main  structure  the  lace-loom  Jacquard 
differs  little  from  the  common  Jacquard  employed  in  weaving  cloths. 
The  feature  of  difference  which  is  specially  worthy  of  note  was  origi- 
nally introduced  by  Joseph  Wragg,  of  Lenton,  assisted  by  Bertie,  as 
early  as  1841,  and  since  improved.  "  They",  says  the  famous  historian 
of  lace,  "used  the  cylinder  and  cards,  but  instead  of  holes  they  put 
knobs  of  wood  of  different  heights,  to  act  on  guide  bars,  forcing  them 
to  greater  distances  than  by  compound  levers,  and  thus  got  gimp 
threads  round  the  flowered  patterns,  which  had  before  been  put  in 
by  the  needle." 

The  contrivance  has,  of  course,  been  very  much  improved,  and  is 
regularly  employed  in  all  kinds  of  fine  lace  patterns.  The  holes  in 
the  cards  are  retained,  and  the  needles  also.  To  each  slide  or  box 
there  is  a  set  of  movable  wedges,  graded  in  size  from  one  capable 
of  lifting  the  slide  and  the  bar  two  *' gates"  to  one  of  eight  "gates". 
Owing  to  their  shape  the  wedges  adapt  themselves  to  each  other, 
and  the  ends  are  rounded  to  fit  into  the  holes  of  the  Jacquard  cards. 
As  the  Jacquard  cylinder  moves  up  with  the  card,  those  wedges  which 
find  no  holes  to  let  them  through  act  on  the  needles  over  them,  which 
again  move  the  bars  as  far  as  the  thickness  of  the  wedges  commands 
(see  Plate). 

The  Wonderful  Loom. — When  the  Levers  loom  (fig.  536)  was  yet 
in  its  crude  condition,  a  skilled  observer  thus  described  its  powers: — 

"  Levers'  machines  are  made  as  coarse  as  5-point  and  as  fine  as 
15-point.  A  ID-point  gauge  requires  twenty  warp  threads  to  the  inch 
to  produce  traversed  net,  i.e.  when  a  full  warp  is  wanted.  In  this 
there  will  be  twenty  bobbins  and  carriages  in  the  inch  single  tier  on 
the  central  comb  bar.  Besides  these,  in  making  fancy  goods  there 
will  be  thick  threads  moved  greater  or  less  distances  sideways,  accord- 
ing to  the  weight  on  each  thick  thread  beam.  Of  these  thick  threads 
there  may  be  forty  or  more  in  an  inch.  Where  there  is  no  net  in  the 
ground,   there  will  be  no  warp.      The  lace  is  produced   in  that  case 
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simply  by  the  gaiting  (shogging)  movements  from  side  to  side  of  the 
thick  threads,  and  the  twisting  movements  of  the  bobbins  and  carriages 
to  and  fro,  as  they  pass  through  and  around  the  thick  threads.  The 
machine  will  make  eighty  to  a  hundred  of  these  backward-and-forward 
movements  in  a  minute,  with  their  complement  of  relative  movements, 
or  about  an  inch  in  length  of  closely  woven  lace,  the  whole  breadth 
of  the    machine,    however   wide,    each    minute.      The   guide    bars   are 


Fig.  536. — The  Levers  Loom 
A,  Warp  threads.     B  B,  Guide  bars,     c  c,  Combs.     E  F,  Points.     G,  Guide  board.     H,  Cloth  beam. 


placed  in  the  lower  part  of  the  body  of  the  machine,  and  occupy, 
in  comparison  with  their  number,  a  very  limited  space;  the  warp 
and  thick  threads  are  passed  through  orifices  pierced  on  their  polished 
surfaces,  and  there  may  be  fifty  or  five  hundred  of  these  bars,  each 
guiding  exactly  to  the  right  or  left  its  complement  of  threads  as 
governed  by  the  cards  of  the  Jacquard  at  the  end  of  the  frame.  The 
bobbins  and  carriages  are  driven  at  the  speed  described  through  this 
maze  of  tight  and,  for  the  most  part,  very  fine  cotton  twisted  threads, 
or  even  still  finer  untwisted  silk  filaments  in  the  spaces  of  -Jg-  to  2V  ^^'> 
according  to  the  guage,  working  side  by  side  clear  of  each  other 
and  of  the  threads  through  which  they  pass;  and  which  threads  have 
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all  between  the  movements  of  the  carriages  been  themselves  moved 
tV  to  ^V  in.,  so  as  to  vary  the  particular  intervals  through  which  the 
carriages  pass.  Were  that  side  movement  in  the  least  irregular,  the 
threads  would  be  cut  down,  and  possibly  the  machine  itself  injured." 

"Gothro"  Lace  Looms. — Though  written  by  an  expert,  the  above 
description  leaves  something  to  be  desired;  but,  on  the  whole,  it 
stands  as  a  record  of  a  fine  machine  which,  if  our  surmises  are  correct, 
is  doomed  to  extinction  by  its  newer  rivals.  Most  formidable  among 
these  is  the  **Gothro",  already  noted.  On  the  average,  the  Levers 
loom  gives  a  speed  of  about  no  motions  per  minute,  while  130  to 
150  are  common  speeds  on  the  Gothro  looms.  Mr.  John  Jardine,  of 
Nottingham,  says:  'We  make  a  special  Gothro,  called  the  Mow 
Gothro',  designed  for  only  120  bars,  which  has  a  speed  of  180 
motions  per  minute.  Then  we  get  variations  of  the  Gothro.  For 
instance,  the  Mechlin  machine  will  run  at  a  speed  of  340  motions  per 
minute,  for  making  6-motions  Mechlin  only.  The  veiling  machine, 
for  veils  only,  gives  a  speed  of  from   170  to  200  motions  per  minute. 

**The  gauges  and  standard  widths  of  the  Gothro  are:  18  point, 
146  in.  wide;  16  point,  172  in.;  14  point,  184  in.;  12  point,  222  in. 
In  all  cases  steel  bars  are  used. 

"  Jacquards  vary  from  40  to  220  bars,  though  the  average  is  usuallv 
160  bars.  Bottom-bar  Jacquards  are  commonly  made  for  400  bars, 
though  French  lace  makers  frequently  demand  higher  numbers." 

Plain  Net  Machines. — Plain  net  is  made  on  both  double  lockers 
and  roller  lockers,  though  the  vastly  greater  speed  of  the  latter  is 
gradually  driving  the  former  out  of  use,  except  for  the  making  of 
quillings  and  other  narrow  laces,  which  cannot  be  woven  on  the 
roller  locker.  The  speed  of  the  double  locker  is  5  racks  per  hour, 
and  the  roller  locker  produces  9  racks  in  the  same  time.  In  fact,  one 
of  the  most  remarkable  advances  in  lace-making  machinery  has  been 
made  on  the  roller  locker.  Within  two  years  its  speed  was  nearly 
doubled.  The  widths  of  the  roller  locker  are:  14  point,  204  in.; 
12  point,  222  in.;  10  point,  244  in.  Coarser  makes  run  up  to  300  in., 
though  a  width  of  274  in.  is  as  great  as  can  be  usefully  employed. 

For  making  fancy  nets  and  spots  the  Jacquard  is  fitted  on  to  the 
plain-net  machine. 

Starting  a  Lace  Machine  Properly. — Mr.  John  Jardine,  of  Notting- 
ham, has  given  very  helpful  directions  to  workers  on  the  management 
of  lace  machines,  from  which  we  make  the  following  extracts: — 

To  start  a  lace  machine  of  fine  gauge  properly  the  following  directions 
Vol.  VII.  152 
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must  be  strictly  observed.  The  finer  the  g-auge,  the  greater  the  necessity; 
but  their  observance  will  be  beneficial  in  any  case,  even  with  a  gauge  as 
coarse  as  a  6-point  curtain  machine,  although  the  combs  may  be  made  of 
brass. 

Neither  black  lead,  lime,  prepared  chalk,  nor  any  material  whatever 
should  be  put  into  the  inside  of  the  combs  imder  the  mistaken  notion  that 
their  use  will  clean  the  combs,  and  enable  the  carriages  to  be  moved  more 
freely.  Until  the  faces  of  the  combs  against  which  the  carriages  slide  are 
freed  from  grease,  any  powder  whatever  will,  with  the  g-rease  that  is  on 
the  combs,  form  hard  patches  on  the  sides  or  faces  of  the  combs  and  fasten 
the  carriages,  so  that  the  machine,  instead  Of  being  freed  by  the  introduction 
of  the  powder,  will  most  certainly  be  clogged,  and  in  consequence  much  force 
will  be  required  to  move  the  carriages,  the  comb  bars  and  catch  bars  will 
be  cut,  and  the  machine  seriously  damaged.  The  difficulty  of  removing- 
these  hard  patches  from  the  faces  of  the  combs  is  very  great,  and  can  only 
be  overcome  by  an  experienced  man,  provided  with  special  tools  for  the 
purpose. 

Cleaning  the  Combs.  —  Take  up  a  carriage  in  the  left  hand,  and  with 
a  clean  cloth  or  piece  of  waste,  held  between  the  fing-er  and  the  thumb  of 
the  right  hand,  wipe  the  two  faces  of  the  lower  part  (the  ground  part)  of 
the  carriage  until  it  is  quite  clean.  Carriages  thus  handled  and  wiped  will 
not  be  bent,  as  the  pressure  is  equal  on  each  side;  it  is  also  the  quickest 
way,  as  both  sides  are  wiped  at  the  same  time.  The  carriages  may  then 
be  placed  in  the  machine  and  worked  for  a  few  hours,  when  they  will  again 
require  wiping  in  the  same  way,  having  again  become  greasy  and  dirty  by 
rubbing  against  the  combs.  This  process  must  be  repeated  probably  half 
a  dozen  times,  until  the  carriages  leave  the  combs  quite  clean.  But  if  a 
dozen  times  are  required,  it  must  be  done,  as  until  the  carriag^es  are  so 
clean  that  they  will  not  soil  a  clean  white  piece  of  calico,  it  is  too  soon  to 
put  black  lead  into  the  combs.     Always  use  a  clean  part  of  the  cloth. 

The  Use  of  Black  Lead. — When  the  carriages  and  combs  are  perfectly 
clean  the  black  lead  will  roll  on  their  surfaces,  polishing-  them  both.  The 
machine  will  require  less  power  to  drive  it.  The  catch  bars,  comb  bars, 
and  bearers  will  hardly  be  marked  and  never  cut.  The  production  of  the 
machine  will  be  increased,  and  these  excellent  results  can  be  obtained  by 
simply  wiping-  the  carriages  as  directed.  Black  lead  acts  in  a  mechanical 
way  in  reducing-  frietion  exactly  as  ball  bearing-s  do,  each  molecule  being- 
a  perfect  sphere.  It  may  be  described  as  a  collection  of  ball  bearing-s 
infinitesimal  in  size  continually  rolling-  between  the  rubbing-  surfaces  of  the 
carriages  and  combs,  producing-  the  smooth  action  desired. 

Abuse  of  Black  Lead. — Black  lead  cannot  act  beneficially  when  there  is 
any  grease  in  contact  with  it,  as  in  that  case  the  spheres  or  balls  are  con- 
verted into  paste,  which  adheres  to  the  faces  of  the  combs,  and  forms  a 
cement  difficult  to  remove.  The  carriages  cannot  work  properly  under  such 
conditions.  They  are  made  to  fit  clean  dry  combs  of  a  given  thickness,  not 
dirty  sticky  combs  coated  with  black-lead  paste,  or  that  made  of  grease  and 
any  kind  of  powder. 

Management  of  New  Bobbins. — New  bobbins,  Levers,  or  any  bobbins  that 


THE    FINISHING   OF    LACE  115 

have  to  be  heated  and  pressed  after  winding,  should  not  be  more  than  half 
filled  with  the  bobbin  cotton  or  silk  the  first  time  of  winding- ;  the  next  time 
a  little  more  of  the  material  may  be  put  on,  and  so  on  until  the  fourth  time. 
After  the  fourth  time  they  may  be  wound  in  the  ordinary  way.  The  reason 
for  this  is  that  when  a  new  bobbin  half  filled  is  pressed,  a  curve  is  given  to 
the  two  sides  of  the  bobbin,  which  the  bobbin  retains  afterwards,  and  the 
consequence  is  that  its  holding  capacity  is  increased  without  increasing  its 
working  thickness.  Even  bobbins  used  in  curtain  or  plain-net  machines 
are  improved  by  taking  care  not  to  completely  fill  them  until  they  have  been 
wound  say  four  times. 

Curtain-lace  Weaving.— Measured  by  quantity,  the  curtain  branch 
of  the  lace  industry  is  one  of  the  most  important.  A  very  simple 
form  of  loom  is  employed  in  the  weaving  of  common  store  curtains 
and  hangings.  To  economize  space  and  power,  manufacturers  have 
built  very  wide  looms,  ranging  from  12  to  35  ft.  in  width,  and 
weaving  from  four  to  ten  curtains  at  once.  The  larger  looms,  how- 
ever, have  not  proved  profitable,  and  the  average  size  of  loom  now 
built  weaves  four  curtains,  between  50  and  70  in.   broad. 

The  common  curtain  loom  is  fitted  only  with  warp  guides,  the 
changing  of  the  direction  of  the  warp  being  mostly  entrusted  to  an 
overhead  Jacquard,  healded  and  worked  in  the  same  manner  as  the 
Jacquard  on  the  cloth  loom.  Threads  for  shaping  the  figures  are 
supplied  by  sets  of  bobbins  placed  under  the  loom.  Figuring  is 
done  by  the  regulation  of  the  spools,  weft  and  warp  playing  an 
equal  part.  Very  fine  patterns  are  produced  by  these  means,  and 
the  designs  are  wonderfully  artistic. 


CHAPTER   VII 

The  Finishing  of  Lace 

Finishing  Lace.  — Part  VIII  of  this  work  treats  of  textile  finish- 
ing in  all  its  branches,  and  we  here  note  only  those  points  special 
to  lace.  Being  an  ornamental  fabric,  lace  is  finished  according 
to  the  purposes  for  which  it  has  been  designed.  Sometimes  the 
weaver  may  be  said  to  supply  little  more  than  the  raw  material  of 
the  ultimate  commodity,  in  other  cases  he  prepares  the  goods  for 
sale.  Roughly  and  generally,  lace  finishing  is  undertaken  by  two 
departments— the  factory  ^m'skmg,  which  includes  inspecting,  darning, 
bleaching,  stentering,  starching,  and  pressing;  the  -warehouse finishing, 
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comprising  drawing,  embroidery,  shaping,  bordering,  taping,  and 
various  forms  of  art  needlework.  A  firm  may  choose  to  include  both 
departments  within  its  premises,  or  carry  through  the  factory  finishing, 
leaving  the  lace-dealing  firms  to  treat  the  goods  further  or  sell  them 
as  received.  Practice  varies  greatly.  In  great  centres  of  lace  manu- 
facture, like  Nottingham,  bleaching  is  a  special  business,  lace  manu- 
facturers concentrating  themselves  wholly  on  the  weaving  and  design- 
ing; in  other  places  the  practice  is  the  other  way,  lace  being  sent 
out  of  the  factories  all  ready  for  the  counter  of  the  retailer.  It  is 
necessary,  however,  that  the  student  of  the  lace  industry  should  fully 
understand  all  the  finishing  processes,  even  though  he  may  personally 
have  nothing  more  to  do  than  make  contracts  with  finishers. 

Viewing  and  Darning. — Wonderful  as  the  lace  loom  has  become, 
it  seldom  produces  perfect  work;  stitches  slip,  threads  break,  and  other 
errors  occur,  which  must  be  detected  and  remedied  before  the  lace 
leaves  the  factory. 

A  viewer,  to  perform  her  work  well,  should  have  a  thorough 
knowledge  of  lace  weaving  and  design.  Her  bench  is  a  frame,  with 
a  dark  cloth,  hung  in  a  good  light.  The  lace  beam  is  slung  on  the 
head  of  the  frame,  and  the  viewer  draws  it  down  yard  by  yard, 
scanning  it  keenly  for  flaws,  which  she  marks  as  detected. 

The  inspected  laces  are  laid  on  the  tables  of  the  darners.  Usually 
darners  are  good  weavers  promoted  to  the  darning  room.  They  are 
provided  with  a  set  of  needles,  yarns  of  all  the  counts  used,  and  samples 
of  the  lace  patterns.  Filling  in  the  defects  by  imitating  the  rest  of 
the  fabric,  the  darner  goes  over  the  whole  web.  The  work  requires 
skill  and  intelligence,  and  must  be  acquired  by  practice  in  the  factory 
itself. 

Bleaching. — A  special  branch  of  textile  manufacture,  bleaching  is 
an  industry  of  high  development  which  requires  separate  study.  The 
lace  manufacturer,  however,  does  not  require  that  his  goods  should  be 
bleached  to  the  chemical  purity  demanded  by  the  calico  printer  and 
fine  dyer.  He  can  therefore  undertake  the  operation  himself,  with  the 
assistance  of  workmen  skilled  in  the  ordinary  processes  of  bleaching. 
The  process  consists  of  eight  operations,  viz.:  i,  gassing  or  singeing \ 
2,  softenings  3,  boiling \  4,  washing',  5,  cheinicking\  6,  •washing-,  7,  sour- 
ing', 8,  washing. 

Gassing  or  Singeing. — For  a  long  time  lace  manufacturers  were 
constantly  troubled  by  complaints  of  the  cloudy  appearance  of  the 
goods,   even  after   the   most  careful   finishing.     This   arose   from   the 
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fraying  out  of  the  fibres  of  the  threads.  Singeing  on  hot  plates,  then 
commonly  the  method  of  clearing  cloths,  failed  to  take  away  the  little 
hairs  protruding  from  the  sides  of  the  threads  in  the  lace  net.  An 
ingenious  Nottingham  man,  Samuel  Hall,  discovered  that  by  passing 
laces  through  a  carburetted  gas  flame  all  the  small  hairs  were  removed 
without  injury  to  the  fabric.  Hall  invented  a  simple  apparatus,  con- 
sisting of  a  row  of  gas  jets,  acted  upon  by  a  current,  with  rollers  on 
each  side,  for  the  unwinding  and  winding  on  of  the  lace  web  passing 
through  the  flames.  The  success  of  his  device  was  instant,  though  the 
inventor  did  not  profit  greatly  by  it  in  the  long  run.  At  present  many 
gassing  machines  are  employed  of  almost  uniform  efficiency.  The 
main  objects  in  constructing  gassing  machines  are  the  proper  com- 
bination of  gas  and  air  to  keep  the  temperature  of  the  gas  low,  and 
cooling  devices  to  prevent  the  parts  of  the  machine  from  overheating. 
A  draught  of  air  is  sent  through  the  machine  from  a  fan  to  cool  the 
gas  and  draw  it  up  through  the  passing  fabric.  Both  the  case  en- 
closing the  gas  burners  and  the  hood  above  are  water-jacketed  as  a 
rule.  The  lace  beam  is  slung  at  the  end  of  the  machine,  and  rollers 
draw  it  through  to  wind  it  on  the  beam,  or  lay  it  down  in  folds,  as  may 
be  required.  A  good  machine  will  consume  i  c.  ft.  of  gas  to  every 
90  yd.  of  broad  lace,  and  gas  about  18,000  yd.  in  an  hour.  See  the 
Plate. 

Softening. — After  gassing  comes  softening.  Sewn  together  in  a 
long  line,  the  webs  of  laces  are  steeped  in  water  for  a  night  to  soften 
the  fibres,  and  take  away  the  rough  dirt  and  grease  which  has  accumu- 
lated on  them  during  weaving. 

Boiling. — A  low-pressure  kier  is  filled  with  a  weak  lye  containing 
about  3  per  cent  of  caustic  soda.  Into  the  kier  the  laces  are  carefully 
laid  and  boiled  for  several  hours.  The  kier  has  a  false  bottom  through 
which  the  circulating  pipe  protrudes.  On  the  head  of  the  pipe  is  a 
distributing  rose.  The  lye  is  distributed  on  the  top  of  the  lace,  sinks 
down,  and  passes  through  the  perforated  false  bottom,  feeding  the  pipe 
and  keeping  up  a  constant  circulation.  For  very  fine  laces  a  short  boil 
only  is  needed. 

To  free  the  fabric  from  the  alkali,  it  is  passed  through  a  similar  kier 
containing  clean  water  at  a  low  temperature. 

Chemicking. — This  is  the  bleaching  operation  proper.  Though 
various  substances  are  employed  in  this  process,  the  famous  bleaching 
powder,  chloride  of  lime,  still  holds  its  own  as  the  most  suitable  agent. 
What  strength  of  liquor  should  be  used  depends  wholly  on  the  weight 
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of  the  goods.  It  is  better  to  err  on  the  safe  side  and  make  the  solution 
weak,  relying  on  the  length  of  treatment  to  make  up  for  lack  of 
strength.  The  machine  employed  may  be  of  any  shape  and  kind,  so 
long  as  it  is  adapted  to  keeping  the  goods  continually  under  the 
influence  of  the  chemical.  Some  firms  use  dollying  tubs  fitted  with 
circulating  spraying  appliances;  others,  again,  have  kiers  without  the 
heat.  In  an}^  case  the  supreme  object  is  to  make  the  laces  as  pure  as 
possible  without  injuring  the  fibres  of  the  threads. 

After  chemicking  comes  another  washing.  Gently  squeezed  free  of 
superfluous  liquor,  the  laces  are  lifted  into  washing  troughs  and  soused 
thoroughly  in  clean  water. 

Souring. — To  make  sure  that  no  trace  of  the  chloride  of  lime  has 
been  left  in  the  goods,  a  souring  liquor,  consisting  of  water  in  which 
a  little  hydrochloric  acid  has  been  mixed,  is  placed  in  a  circulating 
washing  trough.  Through  this  the  laces  are  carefully  soused  and 
washed  till  every  trace  of  the  chemicking  liquor  has  been  taken  out. 
Again,  some  difference  of  both  appliance  and  method  may  be  observed 
in  the  practice  of  different  manufacturers;  but  the  operation  is  always 
the  same  in  principle  and  object.  Having  been  thoroughly  treated,  the 
goods  are  passed  in  between  heavily  padded  rollers,  and  pressed  free  of 
moisture,  to  be  ready  for  the  last  operation. 

Washing.  —  Simple  as  the  operation  of  washing  may  seem,  it  de- 
mands a  thoroughness  and  care,  as  well  as  such  a  supply  of  water,  as 
constitute  it  both  costly  and  important.  The  best  washing  installation 
we  have  seen  is  one  worked  on  the  circulating  principle.  Over  a  huge 
cistern  of  water,  through  which  a  constant  stream  of  water  circulates  in 
labyrinthine  channels,  huge  rollers  revolve  at  intervals.  On  these  the 
lines  of  lace  are  led,  dropping  down  into  the  cistern,  to  be  dragged 
through  the  water,  and  again  drawn  up,  to  be  dropped  again,  in  ever- 
constant  change  of  motion.  The  laces  enter  the  cistern  at  the  outflow, 
and  pass  round  roller  after  roller,  through  dip  after  dip  of  water,  up  to 
the  inflow,  where  the  clean  laces  and  pure  water  meet.  By  this  method 
water  is  economized,  and  the  fabrics  are  cleansed  in  a  very  efl"ective 
style.  At  the  far  end  of  the  cistern  a  set  of  squeezing  rollers  take  in 
the  lace,  and  press  it  gently  to  take  away  the  water. 

Drying. — The  best  and  most  modern  drying  machine  is  the  centrif- 
ugal extractor,  or  whizzer  as  it  is  technically  named.  In  structure  the 
extractor  resembles  a  wire  basket,  with  a  driving  spindle  fixed  in  the 
centre  of  the  bottom,  enclosed  within  an  iron  cover,  from  which  a  waste 
pipe  lets  out  the  water.     The  extractor  does  not  dry  completely,  but 
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the  centrifugal  motion  is  the  gentlest  agent  for  bringing  out  moisture, 
which  it  reduces  to  about  3  per  cent. 

Starching. — For  the  present  we  do  not  require  that  the  laces  should 
be  "bone  dry",  because  starching  is  the  next  operation,  and  damp 
goods  starch  best,  as  every  housewife  knows.  Machine  starching  is 
a  simple  operation  (see  the  Plate).  A  mixture  of  fine  wheat  extract, 
alum,  and  smalts  blue  is  contained  in  a  cistern,  within  which  a  dip- 
ping roller  revolves.  At  one  end  a  pair  of  feed  rollers  bring  the 
goods  down  and  under  the  dipping  roller;  above,  a  pair  of  soft  roller 
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brushes  meet  the  lace  as  it  emerges,  and  clear  the  mass  of  starch  off 
it.  A  range  of  heated  cylinders  lightly  dry  the  lace  (see  Plate,  Com- 
bined Starching  and  Drying  Machine),  which  is  then  ready  for 
stentering. 

Fine  point  and  pillow  laces,  if  woven  laces  may  be  distinguished  by 
these  terms,  are  starched  by  hand.  Laid  on  tables  covered  with  smooth 
canvas,  the  laces  are  gently  brushed  over  with  a  thick  mixture  of 
starch.  With  heavily  figured  laces  this  method  is  specially  effective, 
the  figures  showing  up  white,  and  the  meshing  appearing  slightly 
shaded  with  blue. 

Stentering. — Before  the  lace  stiffens  it  must  be  fully  stretched  and 
drawn  into  shape.  This  is  done  on  the  stentering  frames,  made  so 
as  to  stretch  the  lace  gradually  to  its  proper  length  and  width.  The 
frames   are   movable    both    laterally   and   lineally.      The   duty   of   the 
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stenters  is  to  link  the  end  of  the  lace  on  to  the  hooks  at  the  head  of 
the  frame,  and  then  to  hook  the  sides  of  the  lace  to  the  clips  in  the 
sides  of  the  frame.  As  the  lace  is  fixed  yard  by  yard,  the  frame 
gradually  draws  out  the  fabric,  while  the  stenters  rub  over  the  lace 
with  soft  brushes,  or  beat  it  with  thin  wands,  coaxing,  persuading, 
and  compelling  the  threads  to  fall  into  line.  In  this  manner  the  lace 
is  given  permanent  shape. 

Variations  in  practice  occur  at  this  point.  Some  manufacturers 
combine  starching  with  stentering,  the  starch  being  brushed  over 
the  lace  in  the  stentering  frames.  Others,  again,  combine  drying 
with  stretching,  having  steam  pipes  below  and  large  fans  above  the 
frames.  This  is  the  more  common  practice,  though  consideration  for 
the  health  of  the  operatives  has  induced  many  firms  to  organize  a 
special  drying  department.  In  the  latter  case  the  lace,  after  standing 
on  the  stentering  machine  sufficiently  long,  is  sent  mechanically  on  to 
the  drying  machines.  Though  more  costly,  the  latter  practice  gives 
the  best  results,  the  laces  being  heavier  and  clearer  than  when  dried 
by  the  shorter  method. 

Spra3ring. — When  lace  comes  off  the  drying  machines  it  is  stiff  and 
sharp  enough  to  cut  the  fingers  of  careless  handlers.  Further  treatment 
in  that  condition  can  hardly  be  attempted.  We  therefore  resort  to 
spraying  either  by  hand  or  machine.  Many  very  good  spraying 
machines  are  on  the  market.  Wound  on  a  beam,  the  lace  is  brought 
from  an  overhanging  frame  forward  to  where  a  gentle  spray  of  water 
issues  from  the  rose  of  a  kind  of  hose  pipe,  and  thence  passes  to  be 
wound  again  on  the  beam. 

Calendering. — The  lace-calendering  machine  has  been  described 
roughly,  but  with  fair  accuracy,  as  a  glorified  mangle.  Consisting  of 
three  pairs  of  rollers,  one  in  each  pair  hollow  and  steam-heated  and 
one  solid,  fitted  with  screws  at  the  head  to  adjust  the  pressure,  the 
calenders  take  in  the  laces  and  run  them  round,  pressing,  polishing, 
and  hardening  them.  When  delivered  from  the  calenders,  the  laces 
are  smooth,  white,  glistening,  and  ready  for  either  the  folding  press  or 
the  further  operations  of  finishing. 

Warehouse  Finishing. — Every  kind  of  lace  passes  through  the 
warehouse,  but  some  classes  arrive  there  at  an  earlier  stage  than 
others  and  pass  under  treatment  more  elaborate.  Plain  mesh  laces, 
or  bobbin  nets,  are  often  the  mere  groundwork  of  laces  and  embroidery 
wrought  by  hand  or  specially  devised  machines.  Thousands  of  webs 
of  bobbin  net  go  over  to  France,  there  to  be  decorated,  and  returned  to 
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this  country  to  be  sold  as  native  lace.  Again,  the  ground  of  many  of 
the  famous  point  and  pillow  laces,  professedly  hand-made,  is  often 
machine-made  net.  With  these  and  many  other  vagaries  in  com- 
mercial practice  it  is  impossible  for  us  to  deal.  Though  conducted 
for  the  most  part  on  sound  business  principles,  the  lace  trade  is 
exceedingly  complex  and  involved,  requiring  almost  a  lifetime  of 
practical  experience  to  understand  it  fully. 

Spotting,  Flowering,  and  other  Embroidery. — Though  the  lace 
loom  has  been  shown  to  be  capable  of  executing  very  elaborate  and 
intricate  designs,  the  finest  work  is  performed  in  small  details  by  hand 
or  machine  in  the  warehouse  workrooms.  In  the  hand  department  we 
have  reversion  to  the  old  point  and  pillow  methods,  with  perhaps  the 
sole  difference  that  the  groundwork  is  machine-made.  Upon  the  fine 
mesh  or  crape  the  deft  hands  of  the  lace  makers  weave  pretty  patterns 
of  leaf,  or  flower,  or  wreath. 

Still  more  wonderful  are  the  embroidering  machines.  Laid  in 
under  the  foot  of  what  looks  like  a  common  sewing  machine,  by  the 
hands  of  a  deft  worker,  the  mesh  is  soon  covered  by  a  pretty  figure 
wrought  in  silk,  or  mercerized  cotton,  or  common  "whip".  These 
pieces  are  passed  on,  to  become  parts  of  larger  designs,  or  pieces  of 
lace  robes,  or  other  garments  daintily  conceived. 

Drawing. — Bordering,  edging,  and  insertion  laces  are  narrow,  but 
they  are  woven  in  great  breadths  on  the  loom.  Between  the  lines  of 
narrow  edging  a  slender  thread  is  interposed.  To  draw  out  these 
threads  is  delicate  work,  and  it  employs  many  hands.  Some  ware- 
houses give  the  drawing  out  to  home  workers  at  so  much  per  yard. 
Poor  women,  widows,  and  others  take  away  the  webs,  and  bring  them 
back  in  the  shape  of  narrow  laces. 

Organizing  the  Lace  Warehouse. — Nearly  all  the  successful  lace 
firms  are  of  old  standing.  This  is  significant  of  the  difficulty  which 
meets  the  man  who  would  organize  a  lace  business.  There  are  many 
departments.  In  one  room  the  lace  curtains  are  scolloped  and  edged 
by  machinists;  in  another  the  lace  capes,  blouses,  robes,  and  other 
articles  of  female  attire  are  being  shaped,  sewn,  and  taped,  or  other- 
wise finished ;  in  another  workroom  we  have  to  undertake  the  formation 
of  doilies,  toilet  pieces,  mats,  cushion  covers,  handkerchiefs,  armlets, 
mitts,  and  gloves.  Again,  a  host  of  linen  wares  are  to  be  decorated 
with  laces  of  various  shape  and  design.  In  all  this  variety  a  due 
proportion  must  be  observed,  or  serious  loss  will  ensue.  The  workers 
must  be  kept  busy,  and  yet  the  amount  produced  must  not  exceed  the 
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market  demand.  Fashion — ever  capricious — is  nowhere  more  severe 
than  in  the  lace  market.  Many  clever  men  have  been  ruined  by  a 
slight  change  in  female  fashion.  Felkin  records  that  the  disuse  of 
"curtains"  to  bonnets  lowered  the  returns  of  one  finishing-lace  house 
alone  by  some  tens  of  thousands  of  pounds  in  one  year.  In  the  present 
day  losses  equally  great  have  been  experienced  from  a  similar  cause. 

Nowhere  is  the  art  of  packing  more  needed  than  in  the  lace  ware- 
house, and,  it  may  be  said,  nowhere  is  it  more  thoroughly  understood. 
Mechanical  appliances,  almost  ridiculously  unnecessary  in  any  other 
industry,  are  utilized  to  the  full  here.  We  have  machines  for  taping 
little  infants'  garments,  machines  for  winding  on  to  flat  cores  the 
narrow  lace  edgings,  machines  for  rolling,  folding,  and  every  possible 
act  in  the  making  up  of  laces.  With  iron  and  steel,  and  steam  or 
electric  power,  we  serve  the  delicate  taste  which  finds  delight  in  the 
filmy  fabrics  of  finest  lace. 
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CHAPTER    I 
Factory  Finishing 


Cloth  Defects. — When  a  woven  fabric  comes  off  the  loom,  it  is  not 
ready  for  sale.  After  the  weaver  has  done  his  best,  every  piece  of 
cloth,  from  a  web  of  plain  calico  to  a  square  of  Turkish  carpet,  has 
its  defects.  A  break  in  warp  or  weft  may  have  escaped  the  weaver's 
eye  here  and  there;  the  flying  thread  or  too-obvious  knot  tells  where 
the  mend  was  made ;  a  drop  of  oil,  a  fleck  of  dust,  a  crumb  of  rust, 
may  have  mingled  with  the  yarns  and  left  a  mark.  These,  and  other 
such  defects,  are  practically  unavoidable. 

Between  the  manufacturer  and  the  consumer  stands  the  distributor, 
who  requires  that  goods,  before  they  come  into  his  hands,  are  free 
from  obvious  blemish  and  conform  to  current  standards. 

Factory  Finishing. — Correction  of  the  weaver's  faults  does  not 
demand  a  very  elaborate  process.  In  connection  with  the  weaving 
shed  there  is  usually  a  warehouse,  where  most  of  the  faults  are 
remedied.  Here  are  carried  through  those  operations  which  may  be 
generally  described  as  inspecting,  burling,  and  darning,  though  the 
weavers  of  the  various  classes  of  fabrics  examined  in  this  work  have 
different  terms  for  them.  What  the  cloth  weavers  call  inspecting,  a 
carpet  weaver  calls  viewing;  burling  is  called  knotting  by  some  workers; 
darning  is  mending  in  the  language  of  the  fustian  weavers  and  lace 
finishers. 

Inspecting  or  Viewing. — The  work  of  an  inspector  is  criticism, 
and  calls  for  high  ability  as  well  as  discretion.  To  fit  himself  for 
the  position  of  inspector,  a  worker  must  be  thoroughly  studious  of 
textile  design  and  the  qualities  of  yarns.  To  the  eye  of  the  unskilled 
observer  a  difference  in  the  twist  of  a  weft  yarn  may  not  appear,  but  it 
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causes  a  piece  to  be  rejected  by  the  buyer,  if  allowed  to  pass.  Com- 
plex designs  or  patterns  are  sometimes  woven  wrongly  in  very  minute 
points.  To  detect  these  faults  quickly  and  unerringly  is  no  easy  task, 
and  the  inspector  is  called  upon  to  exercise  the  utmost  vigilance, 
whether  his  fabric  be  a  carpet  or  a  piece  of  silk  brocade. 


Fig.  538. — Burling  Frame 

Burling". — In  some  cloth  factories  the  offices  of  inspector  and 
burler  are  discharged  by  one  man.  Taken  from  the  loom,  the  cloth 
is  laid  upon  the  burling  frame,  hung  in  a  good  light.  Laid  behind 
the  frame,  the  cloth  is  drawn  up  over  the  roller,  and  pulled  down, 
yard  by  yard,  in  front,  while  the  burler,  with  ready  tool,  picks  off 
the  flying  threads  and  knots,  and  marks  the  defects  for  the  darners. 
His  work  is  a  matter  of  personal  acquirement,  and  cannot  be  taught 
by  any  system  of  direction. 
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Darning. — When  the  cloths  have  passed  through  the  burler's 
hands  they  are  laid  upon  the  benches  of  the  darners.  Generally 
females,  the  darners  are  skilled  needlewomen.  To  them  is  assigned 
the  duty  of  mending  breaks  in  warp  and  weft,  and  imitating  closely 
the  weave  of  the  body  of  the  cloth.  Provided  with  yarns  equal  in 
count  and  quality  to  those  already  in  the  cloth,  the  darner  carefully 
works  the  needle  along  the  line  of  weft,  or  warp,  or  both,  and  draws 
the  end  into  place.  How  delicate  the  work  is,  only  a  careful  scrutiny 
of  fine  cloths  can  show. 

Whether  in  darning  of  cambric  or  carpet,  fine  broadcloth  or  silk 
crape,  the  principle  is  the  same.  Trained  for  the  work  in  the  factory, 
darners  learn  by  practice.  There  is  no  general  rule  for  that  class  of 
operations.  A  carpet  darner  would  not  be  accepted  as  skilled  in  the 
linen  warehouse. 

Cropping  of  Carpets.  —  There  are  certain  finishing  operations 
special  to  each  fabric  which  evade  classification.  The  first  of  these 
to  be  observed  is  the  cropping  of  carpets.  Axminster,  Patent 
Axminster,  Wilton,  and  velvet-pile  tapestry  carpets  are  subjected  to 
cropping.  Not  very  long  ago  this  operation  was  considered  a 
monopoly  of  the  hand  worker.  It  was  thought  that  only  the  trained 
eye  and  the  skilled  hand  were  equal  to  regulating  the  cropping  of  a 
surface  like  that  of  the  carpets;  but  the  machinist  has  defeated  ex- 
pectation, and  cropping  machines  are  now  almost  universally  em- 
ployed. 

Brushing. — The  first  operation  of  the  cropping  process  is  brushing. 
A  brushing  machine  is  simply  composed  of  a  set  of  horizontal  roller 
brushes,  through  which  the  carpet  is  passed  to  be  cleared  of  loose 
threads,  fluff,  and  dust,  and  for  the  pile  to  be  raised  to  a  level. 

Cropping  Machines. — Generally  brushing  and  cropping  is  done  on 
one  machine,  the  brushes  being  on  the  hinder  part  and  the  cropping 
cylinder  on  the  frame  above  them.  The  cutting  tools  are  a  spiral 
knife,  like  a  roller  round  which  the  blades  have  been  wound,  a  ledger 
blade  meeting  the  spiral  blades,  and  a  soft  rubber-covered  roller  under 
both.  Having  been  brushed  and  all  the  pile  lifted  to  a  level,  the 
carpet  passes  in  between  the  spiral  knife  and  roller.  The  latter 
yields  to  the  irregularities  of  the  backing  while  holding  the  body  of 
the  pile  straight  and  even  to  the  cutting  of  the  revolving  blades 
working  against  the  ledger  blade,  both  acting  like  a  pair  of  scissors. 
All  the  irregularities  of  the  pile  are  shorn  away,  and  the  carpet 
comes  through  with  a  smooth  and  clean  surface.      In  adjusting  the 
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cutting  edges  the  greatest  care  must  be  observed.      If  the  pile  is  cut 
too  deeply  the  value  of  the  carpet  is  lessened  considerably. 

Cleaning. — A  brushing  machine  is  again  called  into  requisition, 
but  for  a  more  drastic  purpose.  The  cropping  has  left  a  few  small 
fragments  behind,  and  the  weaving  has  not  been  quite  innocent  of 
dust.  Accordingly,  the  carpets  are  passed  through  a  double  set  of 
brushing  rollers,  which  work  in  a  closed  cylinder,  and  firmly  brush 
and  beat  out  the  remaining  dust  and  scraps  of  yarns. 

Binding. — To  prevent  the  carpets  from  fraying  out,  the  edges  are 
bound,  sometimes  with  broad  tapeing,  and  often  by  a  mere  band  not 
visible  on  the  surface.  For  this  purpose  we  generally  have  sewing 
machines  of  heavy  calibre  and  open  arms.  Clean  and  fresh,  the 
carpets  are  bound  rapidly,  and  then  pass  on  to  the  warehouse  to  be 
rolled  and  ticketed  for  the  buyer. 

Cutting  Velveteens,  Corduroys,  &c. — Another  operation  which 
falls  out  of  the  ordinary  run  of  finishing  processes  is  fustian  cutting. 
Velveteens  and  fabrics  of  like  nature  are  woven  plain.  When  a  tabby 
cotton  comes  off  the  loom,  it  resembles  a  heavy  twill.  The  only  mark 
of  difference  visible  on  the  surface  is  the  regularity  and  straightness 
of  the  lines,  where  a  twill  is  diagonal ;  but  the  threads  are  unbroken. 
As  we  know,  there  are  two  sets  of  wefts,  the  pile  and  the  ground, 
but  the  fact  is  not  apparent  at  first  look.  Under  the  magnifying  glass 
the  surface  of  the  cloth  is  seen  to  be  covered  with  regular  rows  of 
threads  flushed  over  seven  warp  ends,  and  fastened  down  under  two. 
By  cutting  those  flushed  threads  through  the  middle,  and  brushing 
them  up,  a  shallow  velvet  pile  is  made. 

First  the  cloth,  after  being  taken  off  the  loom,  is  dressed  with  a 
stiff,  gluey  paste,  which,  when  dry,  imparts  a  rigidity  to  the  stuff 
helpful  to  the  cutter. 

Cutting  Frames. — Velveteens  are  mostly  cut  by  hand  on  benches 
built  for  the  purpose.  The  frames  are  open  rectangular  structures,, 
ranging  from  2  to  10  ft.  in  length,  and  fitted  with  ratchets  at  both 
ends  which  catch  into  the  toothed  wheels  on  the  spindles  of  the 
cloth  rollers.  One  roller  is  full  of  cloth  and  the  other  is  empty  at 
the  start;  the  cloth  roller  is  securely  slung  at  the  head  of  the  frame, 
so  that  the  ratchet  grips  into  the  teeth  of  the  wheel;  the  bare  roller 
is  likewise  fixed  on  the  foot  of  the  frame.  Drawing  off  the  cloth 
from  the  top  roller,  the  cutter  stretches  it  down  to  the  bare  roller, 
where  it  is  firmly  fastened.  Then  a  few  turns  of  the  rachet  gearing: 
tightens  the  cloth. 
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Cutting  Knife. — Furnished  with  a  strong  wooden  handle,  the  steel 
blade  of  the  cutting  knife  is  2  ft.  long,  tapering  from  f  in.  square  to 
a  keen  point.  The  guide,  an  iron  cover  shaped  like  the  share  of  a 
plough,  is  fitted  on  the  end  of  a  blade,  to  act  as  a  lifter  of  the  threads 
to  be  cut  and  a  guide  for  the  point  (fig.  539). 

Cutting  by  Hand. — The  cutting  of  fancy  velveteens,  corduroys, 
and  figured  patterns  is  an  art  difficult  to  acquire,  and  still  more 
difficult  to  describe.  Plain  cloths,  however,  are  cut  in  a  very  direct 
manner.  Slackening  the  stiffening  on  the  "race"  she  intends  cut- 
ting, with  a  piece  of  stiff"  card  she  holds  in  her  left  hand,  with  her 
right  the  cutter  grips  the  knife  like  a  fencing  foil.  Balancing  her 
body  on  her  right  foot,  she  carefully  inserts  the  point  of  the  guide 
under  the  first  few  loops,   and  then  thrusts  straight  along  the  same 
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tig.  539. — Cutting  Knife  for  Velveteen 

line,  cutting  all  the  flushed  threads  in  the  way.  Though  thrusting 
firmly,  the  cutter  feels  the  lightest  obstruction,  caused,  it  may  be, 
by  a  knot,  the  dipping  of  the  guide  point  in  the  ground  cloth,  or  any 
other  obstacle,  and  stops  at  once.  Swift,  yet  delicate,  the  action 
must  be  repeated  500  times  on  a  cloth  27  in.   broad  (see  Plate). 

Machine  Cutting. — Demanding  skill  of  a  high  order  and  a  slow 
operation,  the  cutting  of  velveteens  by  hand  is  naturally  costly,  and 
it  is  always  the  costliest  hand  operations  which  attract  the  inventor 
of  labour-saving  machines.  While  it  is  admitted  that  none  of  the 
machines  invented  for  velveteen  cutting  is  absolutely  satisfactory,  a 
great  many  are  in  use,  especially  on  the  lower  grades  of  cloth.  We 
can  only  indicate  the  principle  of  one  machine  among  the  many, 
and  select  it  because  it  is  the  most  successful. 

This  frame  is  14  yd.  long,  and  fitted  with  rollers  at  both  ends 
geared  to  revolve  either  way,  letting  out  the  cloth  at  one  time  and 
drawing  it  back  the  next  (fig.  540).  A  small  knife  is  fitted  into  a  steel 
plate  fixed  across  the  bed  of  the  machine.  On  the  knife  is  a  flexible 
hinge,  controlled  by  air  pressure.  The  pneumatic  piston  is  calculated 
to  withstand  exactly  the  pressure  required  for  cutting  the  threads;  any 
greater  obstruction  overcomes  the  resistance  of  the  air,  and  throws 
the  knife  blade  back  out  of  touch  with  the  cloth.  A  guide  sits  on 
the  point  of  the  blade,  and  whenever  it  meets  with  a  knot,  or  drops 
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into  a  puncture,  the  knife  is  stopped.  Travelling  at  the  rate  of 
2000  ft.  per  minute,  the  cutter  runs  the  whole  length  of  the  race  and 
stops.  The  cloth  is  drawn  back,  and  again  is  let  run  under  the 
knife  blade  on  another  race. 

Finishing  Processes. — Detection  and  mending  of  the  weaver's 
faults,  and  those  other  extraneous  operations  just  detailed,  form  a 
mere  fragmentary  beginning  of  finishing  operations  properly  so- 
called.  Formerly  mere  adjuncts  of  the  weaving  sheds,  the  finishing 
processes  have  grown  into  independent  industries,  employing  thou- 
sands of  workers  and  much  costly  material  and  elaborate  machines. 
The  finisher   is   the    magician    by  whose   enchantments   the   products 


Fig.  540. — Cutting  Velveteen  by  Machinery 


of  the  weaving  shed  are  tranformed  into  many  various  shapes.  He 
may  take  a  piece  of  grey  cotton  cloth,  for  example,  and  dress  it  so 
that  it  may  seem  a  heavy  cloth  or  a  simple  calico;  he  may  bleach 
it  to  the  whiteness  of  snow,  and  sell  it  as  the  rival  of  linen ;  he  may 
mercerize  it,  and  impart  to  it  a  density  of  structure  and  lustre  of 
surface  to  compete  with  silk;  he  prints  it,  and  imparts  to  the  plain 
weave  a  pattern  equalling  in  beauty  the  finest  products  of  the  Jacquard 
loom;  he  dyes  it,  and  the  cloth  is  splendid  with  colour,  or  he  may 
only  stamp  the  half-bleached  cloth,  and  make  it  appear  like  some 
fine  twill;  by  means  of  the  beetle  he  can  beat  it  into  a  lustre  like 
that  of  starched  linen ;  with  simple  pressure  he  makes  it  glint  like 
watered  silk. 

Though  the  transformations  of  linen,  silk,  and  wool  are  not  so 
striking,  the  finisher  has  also  a  great  deal  to  do  with  the  final  form 
in  which  these  fabrics  appear  on  the  counters  of  the  retailers.  Silks 
are  dressed,  bleached,  printed,  and  dyed;  woollens  are  felted,  bleached, 


3  4 

VELVETEEN   IN   DIFFERENT   STAGES   OF   MANUFACTURE 

(Greatly  enlarged) 

I,  Before  cutting.  2,  After  cutting. 

3,  Dressed  off.  4,  Ashed,  soured,  and  washed  off. 

In  the  centre,  the  finished  fabric. 
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scoured,  printed,  dyed,  and  pressed;  worsteds  are  scoured,  shrunk, 
stretched,  steamed,  dyed,  stamped,  pressed;  linens  are  bleached, 
dressed,  printed,  coloured,  and  calendered.  To  complete  our  study, 
therefore,  of  textile  manufacture,  we  have  undertaken  to  investigate 
and  lay  bare  the  principles  of  the  following  processes  in  order:  i. 
Bleaching;  2,  Mercerizing;  3,  Textile  Printing;  4,  Dyeing;  5,  Cotton 
and  Linen  Finishing;  6,  Finishing  of  Wool  Fabrics. 


CHAPTER    II 
The  General  Theory  of  Bleaching 

Bleaching. — Pure  white  cloth  is  desirable  not  only  for  itself,  but 
as  the  basis  upon  which  dyers  and  printers  can  obtain  pure  colour. 
The  difficulty  is  that  no  fibre  exists  which  is  without  colouring  matter, 
more  or  less  inherent.  Sea-island  cotton,  the  longest  and  purest  of 
cotton  fibres,  was  at  first  rejected  by  Robert  Owen  when  he  tested 
it  on  behalf  of  Lancashire  manufacturers,  in  1790,  because  of  its  bad 
colour,  and  it  was  not  till  a  Glasgow  spinner,  named  Craig,  had 
proved  the  purity  of  the  fibre  by  bleaching  it  that  Owen  reconsidered 
his  decision.  Wools  vary  in  colour  from  light  yellow  to  dark  brown, 
grey,  or  black;  flax  develops  a  brownish  colouring  matter  during 
retting;  silk  ranges  in  colour  from  a  dull  grey  to  bright  yellow  in 
its  natural  state.  To  obtain  a  white  cloth,  therefore,  it  was  necessary 
to  discover  a  method  of  destroying  the  colouring  matters  which  would 
not  at  the  same  time  injure  the  fibres  themselves. 

General  Theory  of  Bleaching. — We  now  have  a  chemical  theory 
of  bleaching  by  means  of  which  certainty  and  powers  of  extension 
have  been  conferred  on  the  operation.  Long  before  students  of 
chemical  science  had  formed  the  theory,  however,  bleaching  was 
carried  on  practically.  Multitudes  of  successful  bleachers  at  the 
present  day  are  absolutely  ignorant  of  the  chemistry  of  the  opera- 
tion. Probably  the  first  bleacher  was  a  housewife,  who,  after  having 
nobly  done  her  duty  at  the  washtub,  and  laid  out  the  clothes  to  dry 
in  the  sun,  discovered,  to  her  pride  and  joy,  that  they  were  whiter 
than  new.  Bleaching  has  never  been  mistaken  for  washing  by  the 
wise  mothers  of  the  race.  By  the  application  of  common  sense  to  their 
experience  they  have  established  a  system,  laying  the  cloths  out  on 
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the  grass  in  the  full  glare  of  the  sun,  and  every  now  and  then  sprink- 
ling water  over  them  to  keep  up  the  bleaching  process. 

The  domestic  bleaching  system  became  industrial,  and  was  prac- 
tised up  till  very  recent  times,  almost  without  modification,  in  some 
districts  of  Ireland  and  Scotland.  The  only  change  which  was  in- 
troduced among  bleachers  of  this  country  up  till  near  the  close  of 
the  eighteenth  century  was  the  system  known  as  bleaching  and  croft- 
ing. Instead  of  intermittent  sprinklings  of  the  cloths  on  the  grass, 
a  weak  solution  of  soda  and  water  was  made  up,  the  cloths  lifted 
and  run  through  it  every  now  and  then  till  sufficiently  white,  when 
they  were  washed  clean. 

Dutch  Bleach.— The  Dutch,  however,  had  invented  a  process  for 
bleaching  linens  which  attained  a  reputation  so  high  that  manufac- 
turers sent  their  cloths  to  Holland  from  all  parts  of  Europe  to  be 
bleached,  and  even  the  better  classes  of  cloths  woven  in  this  country 
were  sent  there.  The  Dutch  process  consisted  in  steeping  the  goods 
in  an  alkaline  lye  to  which  boiling  potash  was  added,  washing  clean, 
and  treading  into  shallow  cisterns  of  buttermilk,  where  they  were  left 
to  steep  for  several  days;  washing  again,  and  spreading  out  to  dry 
on  the  grass. 

About  1770  the  Dutch  system  was  introduced  into  Scotland,  and 
Dr.  Home,  of  Edinburgh,  investigating  the  subject,  discovered  that 
the  action  of  the  buttermilk  was  due  to  its  acid  quality.  He  proposed 
the  use  of  weak  sulphuric  acid  instead.  The  substitute  was  found  to 
answer  admirably,  shortening  the  time  and  labour  expended  by  about 
a  third.  Sulphuric  acid,  however,  is  a  very  active  chemical,  and  its 
use  demands  greater  care  and  skill  than  is  usually  to  be  expected 
outside  the  laboratory. 

Discovery  of  Chlorine.  —  In  1774  Scheele,  the  Swedish  chemist, 
discovered  the  substance  known  as  chlorine,  which  he  then  designated 
dephlogisticated  muriatic  acid.  Berthollet,  enquiring  into  the  nature 
of  this  new  substance  in  1785,  discovered  that  chlorine  set  free  oxygen 
by  decomposing  water,  and  caused  the  destruction  of  colouring  matters. 
The  great  French  scientist  at  once  suggested  that  an  aqueous  solution 
of  chlorine  would  be  of  service  to  bleachers.  His  fellow  countrymen 
paying  no  heed  to  his  suggestion,  Berthollet  communicated  his  idea 
to  his  friend  James  Watt,  whose  father-in-law,  Mr.  Macgregor,  was 
a  bleacher  on  an  extensive  scale  near  Glasgow.  Watt  lost  no  time 
about  the  matter,  and  in  1787  demonstrated  the  usefulness  of  Ber- 
thoUet's  discovery. 
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Dr.  Henry,  of  Manchester,  tried  experiments  with  lime  and  chlorine, 
and  succeeded  in  producing  a  good  bleaching  agent,  but  the  gas  given 
off  from  the  mixture  was  troublesome. 

Invention  of  Bleaching  Powder. — James  Watt,  Dr.  Henry,  and 
Berthollet,  along  with  a  few  less  conspicuous  partners,  laboured  in 
conjunction  to  bring  the  bleaching  by  chlorine  to  commercial  success, 
but  they  scarcely  convinced  the  bleaching  trade.  It  was  left  for  a 
young  bleacher,  named  Charles  Tennant,  to  invent  a  combination  of 
chlorine  and  lime  which  completely  met  the  requirements  of  the  trade. 
He  took  out  his  first  patent  in  1798,  and  patented  improvements  in 
subsequent  years.  The  final  form  is  that  known  as  bleaching  powder, 
first  patented  in  1799.  This  powder  is  made  by  impregnating  dry- 
slaked  lime  with  chlorine  gas. 

Action  of  Bleaching  Powder. — As  we  have  said,  chlorinated  lime 
is  the  substitute  employed  instead  of  the  watering  and  grass-drying 
of  the  ordinary  housewife  and  the  rather  more  complex  processes  of 
the  Dutch  bleachers.  Being  a  very  active  chemical,  it  acts  quickly, 
reducing  the  process  of  bleaching  from  a  series  of  operations  extending 
over  weeks  to  the  matter  of  a  day.  Gas,  sunlight,  sun  heat,  and  water 
unite  in  producing  nascent  oxygen,  which  acts  powerfully  in  destroying 
colour.  Chlorinated  lime,  or  bleaching  powder,  acts  in  combination 
with  water  in  precisely  the  same  way,  though  by  a  curious  succession 
which  is  rather  interesting.  After  being  passed  through  the  bath  of 
bleaching  powder  and  water,  the  cloth  is  allowed  to  lie  for  a  few 
hours,  during  which  the  following  process  takes  place:  First,  the 
carbonic  acid,  always  present  in  small  quantities,  decomposes  a  little 
of  the  chlorinated  lime.  The  hypochlorous  acid  thus  set  free  is,  in 
the  presence  of  colouring  matter,  converted  into  hydrochloric  acid 
and  nascent  oxygen.  The  nascent  oxygen  at  once  acts  upon  the 
colouring  matter,  and  the  hydrochloric  acid  produced  acts  upon  a 
fresh  portion  of  the  bleaching  powder.  Thus  the  cycle  continues  till 
all  the  cloth  has  been  bleached. 

Animal  and  Vegetable  Fibres. — Though  oxygen  is  the  best  agent 
of  decoloration,  some  ways  of  oxidation  are  destructive  of  textile 
fibres.  Vegetable  fibres  are  mainly  composed  of  cellulose;  cotton 
is  almost  pure  cellulose,  and  flax  is  cellulose  mixed  with  certain 
earthy  matters.  Animal  fibres  are  mainly  constituted  of  fibroin,  into 
which  nitrogen  enters  as  an  important  element.  Sulphuric  and 
hydrochloric  acids  dissolve  cellulose,  while  they  barely  affect  either 
wool   or   silk;    on   the  other   hand,   animal   fibres  dissolve   in  any  of 
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the  caustic  alkalis.  Substances  so  opposite  could  hardly  be  treated 
with  strong  chemicals  in  the  same  way.  We  are  therefore  compelled 
to  consider  bleaching  of  vegetable  and  animal  fibres  separately.  The 
difference  in  the  constitution  of  cotton  and  flax,  though  of  minor  im- 
portance, are  sufficient  to  involve  divergences  in  bleaching  methods. 
Wool  and  silk  also  require  to  be  bleached  by  special  processes, 
though  subject,  in  general,  to  the  same  elements.  Treatises  on 
bleaching,  as  a  rule,  give  scant  attention  to  the  animal  fibres,  be- 
cause the  great  bleaching  industry  is  now  chiefly  occupied  in  bleach- 
ing cottons  and  linens.  As  an  integral  part  of  the  calico-printing 
industry,  cotton  bleaching  has  attained  paramount  importance.  While 
even  linen  bleachers,  who  held  the  field  first,  are  content  to  plod  along 
in  the  old  ways,  practising,  too  many  of  them,  methods  which  ought 
to  have  been  long  obsolete,  the  cotton  bleachers  constantly  improve 
both  methods  and  machines,  and  encourage  chemists  to  seek  further 
in  the  laboratory  for  undiscovered  secrets  of  the  bleaching  process. 


CHAPTER   III 
Bleaching  Process 


Cotton  Bleaching. — The  aim  of  the  bleacher  is  to  reduce  the  cotton 
cloth  to  a  fabric  composed  of  pure  fibre.  When  the  cloth  comes  off 
the  loom  it  contains  the  following  impurities: — 

1.  Earthy  matters,  dust,  seed  shells,  animal  exudations,  and  machine 
oils,  either  accidentally  introduced  during  operations  or  imperfectly 
removed  during  manufacture. 

2.  Matters  intentionally  introduced  for  manufacturing  purposes,  such 
as  dressing,  calcareous  and  aluminous  substances. 

3.  The  waxy  covering  of  the  fibre,  and  certain  other  resinous  and 
colouring  matters  belonging  to  the  cotton  in  its  natural  state. 

For  some  of  these  impurities  a  good  washing  in  soap  and  water 
is  sufficient;  for  the  waxy  coating  and  the  colouring  matters  nothing 
less  than  a  solvent  will  serve.  A  series  of  operations,  therefore,  must 
be  undertaken,  the  length  of  the  series  depending  greatly  upon  the 
ultimate  destiny  of  the  cloth.  For  goods  to  be  dyed  black  or  dark 
shades  the  series  is  shorter;  goods  to  be  printed  are  severely  treated; 
goods  sold  white  are  subjected  to  a  long  series  of  operations;  between 
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these   there 

are   grades. 

The    f 

bur 

processes   most   comm 

follow : — 

I.   Market 

Bleach 

I. 

Lime  boil. 

10. 

Wash. 

2. 

Wash. 

II. 

Soda-ash  boil. 

3- 

Sour, 

12. 

Wash. 

4- 

Wash. 

13- 

Chemic. 

5- 

Soda-ash  boil. 

14. 

Wash. 

6. 

Wash. 

15- 

Sour. 

7- 

Chemic. 

16. 

Wash. 

8. 

Wash. 

17- 

Dry. 

9- 

Sour. 

II.   Market  Bleach 

(for  Headings) 

I. 

Wash. 

8. 

Ash  boil. 

2. 

Lime  boil. 

9- 

Wash. 

3- 

Wash. 

10. 

Chemic. 

4- 

Chemic. 

1 1. 

Wash. 

5- 

Wash. 

12. 

Sour. 

6. 

Sour. 

13- 

Wash. 

7- 

Wash. 

14. 

Dry. 

III.   Madder  Bleach 

I. 

Wash. 

8. 

Soda-ash  boil. 

2. 

Lime  boil. 

9- 

Wash. 

3- 

Wash. 

10. 

Chemic. 

4- 

Sour. 

II. 

Sour. 

5- 

Wash. 

12 

Wash 

6. 

Ash  and  resin 

boil. 

13- 

Dry. 

7- 

Wash. 

IV 

.  Dark 

Goods  Bleach 

I. 

Lime  boil. 

5- 

Soda-ash  boil. 

2. 

Wash. 

6. 

Wash. 

3- 

Sour. 

7- 

Dry. 

4- 

Wash. 

Water. — To  the  bleacher,  dyer,  and  textile  printer  water  is  the 
most  essential  of  raw  materials.  The  supply  of  water  must  be  plenti- 
ful and  constant,  and  the  quality  good.  By  good  quality  we  mean 
the  water  which  most  nearly  resembles  rain,  and  free  from  all  ad- 
mixtures of  organic  or  mineral  matters.  That  quality  of  water  is 
known  as  soft;  hard  water  usually  has  a  tincture  of  chalk  in  its 
composition. 

Testing  Water. — Peaty  water  tells  its  character  by  its  brown  colour, 
and  is  dismissed  at  once  as  unsuitable.     Equally  easy  to  detect,  and 


136  FINISHING    PROCESSES 

equally  unsuitable,  is  water  with  iron  or  such  metallic  minerals  in 
its  composition,  revealed  by  the  reddish,  or  yellowish,  appearance  of 
the  channel  through  which  it  flows. 

Water  tainted  with  sewage  may  be  bright,  sparkling,  and  soft. 
To  discover  whether  or  not  it  is  so  tainted,  fill  a  flask  with  the 
liquid,  and  stand  in  a  warm  place  for  twenty-four  hours.  By  that 
time  the  solid  matters  will  have  gone  to  the  bottom,  and  the  presence 
of  sewage  will  show  by  the  smell  as  soon  as  the  stopper  is  removed 
from  the  mouth  of  the  flask. 

Acids  or  alkalis  may  be  introduced  into  water  from  various  manu- 
factories or  in  other  ways.  To  detect  these  impurities  the  dipping 
of  litmus  paper  in  the  water  is  sufficient.  If  acid  is  present,  the  litmus 
is  changed  to  a  red  colour;  the  presence  of  alkali  is  shown  by  the 
blue  colour  of  the  litmus  paper. 

Solid  matters  may  be  largely  present  in  water  without  being 
obvious,  or  affecting  the  colour  and  clearness.  To  discover  the 
amount  of  solids,  fill  a  shallow  dish  with  water,  having  first  weighed 
the  dish ;  then  evaporate  the  water  and  weigh  the  dish;  the  weight 
of  solids  is  thus  shown.  Not  more  than  25  grains  of  solid  matter 
to  the  gallon  of  water  should  be  present.  This  rule,  however,  is 
not  absolute,  more  depending  on  the  kind  of  matter  than  the  amount. 
Animal  and  vegetable  matters,  iron,  lime,  and  magnesia  are  among 
the  most  objectionable,  especially  if  present  in  any  appreciable 
quantity. 

Both  lime  and  magnesia  in  water  are  objectionable,  and  both  may 
be  detected  by  a  single  process.  Pour  into  a  large  porcelain  dish  a 
pint  of  water,  and  to  precipitate  any  traces  of  iron  which  may  be 
present  add  a  few  drops  of  ammonium  sulphide.  Reduce  the  water 
to  about  2  oz.  by  evaporation ;  filter,  and  to  the  filtrate  add  a  solution 
of  oxalate  of  ammonia,  which  will  precipitate  any  lime  that  may  be 
present  in  the  form  of  a  white  precipitate.  Stand  for  an  hour  or  so, 
and  filter  off  the  lime.  To  discover  magnesia  add  a  solution  of  phos- 
phate of  soda  to  the  filtrate;  if  any  is  present  it  will  form  another  white 
precipitate. 

Phosphate  of  soda  is  a  good  softener  of  hard  water,  the  hardness  of 
which  is  due  to  lime  or  magnesia,  or  both,  because  it  changes  them 
into  insoluble  phosphates. 

Soap  Test.  —  Soft  water  is  valued  for  its  lather-forming  quality. 
Hard  waters,  especially  those  whose  hardness  is  due  to  the  presence 
of  lime,  lather  with  difficulty,  turning  the  soap  into  an  insoluble  curd 
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of  lime  soap.  To  find  the  degree  of  hardness  in  any  water  it  is 
necessary  first  to  make  up  a  standard  solution  of  soap  and  a  standard 
hard  water. 

Dissolve  I  oz.  of  best  curd  soap  in  h  gal.  of  methylated  spirits 
and  i  gal.  of  condensed  hot  water.  When  the  soap  has  dissolved, 
let  stand  for  a  while  to  settle  into  clearness,  and  pour  into  stoppered 
bottles  to  be  ready  for  use. 

To  make  up  the  standard  hard  water,  grind  27I  gr.  of  sulphate  of 
lime  into  i  gal.  of  distilled  water.  When  the  lime  has  been  dissolved 
the  water  is  16  degrees  hard — that  is,  it  contains  16  gr.  of  carbonate 
of  lime  to  the  gallon  of  water. 

The  first  thing  to  find  out  is  the  relative  strengths  of  the  soap 
solution  and  the  water.  This  is  done  as  follows:  Pour  4  oz.  of  the 
water  into  a  12-oz.  stoppered  bottle.  Fill  a  small  burette  with  the 
soap  solution,  and  from  it  pour  a  small  quantity  of  the  solution  into 
the  bottle  of  water.  Shake  up  the  water  and  the  soap  to  give 
them  a  chance  to  lather.  If  no  lather  comes,  put  in  some  more  of 
the  solution.  Repeat  till  a  permanent  soap  lather  is  formed.  When 
this  occurs,  mark  how  much  of  the  solution  has  been  used.  Multiply 
the  measures  of  soap  from  the  burette  by  40  and  divide  by  16;  the 
quotient  will  be  the  number  of  measures  of  the  soap  solution  to  i 
degree  of  hardness. 

Take,  now,  the  water  which  is  to  be  tested,  and  by  the  same 
process  find  the  number  of  measures  of  soap  solution  required  to 
produce  a  lather.  Comparing  the  result  with  the  standard  hard  water 
we  find  the  degree  of  hardness  in  the  water.  If  the  water  is  10  degrees 
of  hardness  it  will  be  too  hard  for  the  bleacher  without  some  previous 
softening. 

Softening  Hard  Waters. — Manufacturers  compelled  to  use  hard 
waters  adopt  various  methods  of  softening,  but  many  of  those  methods 
are  not  permissible  to  the  bleacher.  What  is  advisable  for  a  tanner,  to 
instance  a  known  case,  is  wholly  wrong  for  a  bleacher.  When  the 
hardness  of  the  water  is  due  to  the  presence  of  bicarbonates  of  lime 
or  magnesia,  boiling  is  the  best  method  of  softening,  if  at  all  practi- 
cable. By  boiling,  the  lime  and  magnesia  are  changed  into  insoluble 
compounds  which  are  precipitated,  and  do  not  affect  the  soap.  Such 
waters  are  described  as  merely  temporarily  hard.  It  is  with  waters  of 
a  permanently  hard  character  that  most  of  the  trouble  of  the  dyer  and 
bleacher  occurs. 

Criton  Water  Softener. — Removal  of  permanent  hardness,  caused 
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Fig.  54T.  — "Criton"  Water  Softener  (Pulsometer  Engineering  Co.,  Ltd.,  Reading) 

by  the  presence  of  calcium  chloride  and  magnesium  sulphate  and 
chloride  is  best  effected  by  adding  carbonate  of  soda  to  the  water  in 
due  proportions,  and  storing  the  water  in  suitable  tanks   for   deposi- 
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tion.  In  order  to  keep  up  a  constant  supply  some  automatic  mechanical 
softening  apparatus  must  be  employed.  One  among  the  best  of  these 
is  the  "  Criton "  water  softener  (fig.  541),  which  may  be  taken  as 
typical  of  the  class. 

Having  determined  the  relative  hardness  of  the  water,  and  pro- 
portioned the  reagents  thereto,  the  softener  is  set  to  work.  *'  The 
hard  water",  says  Professor  Robinson,  "  is  admitted  to  a  tank  divided 
by  a  partition  into  unequal  portions;  the  larger  of  these,  which  con- 
tains a  siphon,  is  called  the  siphon  tanky  and  the  smaller  the  measurer. 
The  top  of  the  partition  is  2  in.  below  the  level  at  which  the  siphon 
begins  to  discharge.  When  the  level  of  the  water  in  both  com- 
partments has  reached  discharge  point  the  siphon  automatically 
discharges  the  contents  of  the  siphon  tank  into  the  mixer,  leaving 
the  other  compartment  brimful.  In  the  siphon  tank  is  a  float, 
which,  as  it  descends,  lifts  by  means  of  a  lever  a  valve  at  the 
bottom  of  the  measurer,  and  permits  the  accurately  measured  quantity 
of  water  to  run  into  the  limer,  displacing  an  equal  quantity  of  clear 
lime  water,  which  overflows  into  the  mixer.  During  the  passage 
upwards  in  the  limer  the  water  passes  through  a  bed  of  slaked  lime, 
and  on  reaching  the  top  has  become  lime  water.  The  bed  of  lime 
is  kept  stirred  by  an  agitator  worked  from  the  float  of  the  siphon 
tank." 

Building's  and  Machines. — Bleaching  works  still  exist  which  have 
been  built  without  any  plan ;  but  the  most  successful  bleachers  have 
grouped  the  departments  in  regular  order,  so  that  the  goods  pass 
from  one  to  the  other  automatically.  As  bleaching  is  a  chemical 
process  for  the  most  part,  the  less  the  goods  are  handled  the  better. 
A  bleaching  works,  therefore,  should  be  built  for  the  purpose  of 
bleaching  and  nothing  else.  If  possible,  the  departments  should  be 
arranged  in  a  kind  of  cycle,  so  that  the  finished  goods  may  come  out 
at  the  end  near  the  point  where  they  started  "grey".  This  saves 
carriage,  handling,  and  other  expenses,  as  well  as  giving  the  operations 
the  best  chance  of  showing  good  results. 

We  often  hear  talk  from  across  the  Atlantic  of  the  rapidity  with 
which  old  machines  are  "scrapped"  for  newer  inventions;  we  have 
also  heard  the  British  retort  that  scrapping  was  probably  the  best 
thing  that  ever  was  done  with  the  machines  mentioned.  The  manu- 
facturers of  the  United  States  are  undoubtedly  given  to  building 
and  using  machines  too  hastily  built  and  as  hastily  cast  aside.  On 
the   other   hand,    the    British    genius   tends   to   the  opposite  extreme; 
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machines  are  constructed  as  though  meant  to  last  for  ever,  and  they 
are  adhered  to  long  after  they  have  become  uneconomical.  In  this, 
as  in  most  things,  Aristotle's  *'  golden  mean  "  describes  the  proper 
course.  Machines  should  be  employed  wherever  economy  can  be 
effected  thereby,  and  the  manufacturer  should  not  lag  too  far  behind 
invention.  At  the  same  time  a  system  which  has  enabled  a  bleacher 
to  produce  good  work  may  not  be  lightly  cast  aside  simply  because 
some  man  has  saved  labour  and  cost  by  adopting  another.  In  what 
follows  we  assume  that  machines  and  mechanical  methods  are  exten- 
sively used,  but  we  neither  recommend  the  machines  given  nor  the 
special   makes  of  the  machines.      We   have  selected  for  purposes  of 


Fig.  542.— Donkey 


illustration  merely,  and  put  forward  no  opinion  upon  the  excellence 
of  the  machines. 

Stitching. — When  the  cloth  comes  into  the  bleacher's  hands  the 
first  thing  he  does  is  to  join  all  the  pieces  together,  end  to  end,  and 
form  the  whole  bleaching  into  a  continuous  chain.  For  this  purpose 
we  have  several  sewing  machines.  An  early  form  of  sewing  machine, 
which  is  still  in  use,  was  called  the  donkey  (fig.  542).  It  consists  of 
two  cog  wheels  running  in  bearings  fixed  to  one  end  of  a  bench.  A 
groove  is  cut  in  the  centre  of  each  toothed  rim.  On  a  stand  brought 
close  up  to  the  cogwheels  the  needle  is  fixed,  the  point  coming  into  the 
grooves  of  the  teeth.  The  eye  of  the  needle  held  fast  in  the  stand  is 
threaded,  and  the  ends  of  the  two  pieces  to  be  joined  are  laid  flat  over 
each  other.  As  the  cloths  run  through  the  cogwheels  the  needle  is 
forced  through  both  plies  in  a  regular  stitching  manner;  when  the 
whole  width  of  the  cloths  has  been  passed  through,  both  needle  and 
cloths  are  taken  out  of  the  machine  and  the  thread  pulled  through, 
the  pieces  being  thus  stitched  together. 

The  donkey  machine  is  rather  an  assistant  to  the  hand  than  a 
sewing  machine.  Others  are  now  being  employed  which  more  nearly 
resemble  the  domestic  sewing  machine,  and  both  sew  and  guide  the 
cloths. 
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Singeing  or  Gassing. — All  kinds  of  cotton  yarn,  no  matter  how 
well  spun,  have  a  certain  amount  of  fine  fibre,  resembling  down, 
remaining  on  the  surface,  and  the  weaving  causes  the  yarns  to  fray 
out  a  little,  adding  to  the  downy  surface  on  the  cloth.  Before  he 
can  obtain  a  perfectly  smooth  surface  the  bleacher  must  remove  the 
down,  which  otherwise  would  make  the  cloth  appear  cloudy.  For- 
tunately the  removal  is  not  difficult,  because  of  the  inflammable  nature 
of  cotton  fibre.  From  time  immemorial  bleachers  and  calico  printers 
have  removed  the  down  by  singeing  the  cloths  over  red-hot  plates. 
Some  very  good  singeing  machines  are  still  employed.  Over  a  fire, 
or  row  of  gas  jets,  a  red-hot  copper  plate  is  set  in  the  middle  of  the 


fig-  S43-— Rotary  and  Plate  Singe  Stove  (J.  H.  Riley  &  Co.,  Ltd.) 

machine  (fig.  543).  First  passed  through  a  triple  set  of  brush  rollers, 
to  bring  up  the  nap,  the  cloth  is  passed  rapidly  over  the  plates, 
which  are  heated  by  the  stove  underneath,  and  thence  through  a  trough 
of  water  to  extinguish  any  sparks  which  may  have  been  kindled. 

The  newer  and  better  singeing  method  is  by  gassing,  adapted  from 
the  invention  Samuel  Hall  originated  for  the  lace  trade.  Instead  of 
the  red-hot  plates  a  series  of  gas  jets  are  placed  in  the  midst  of  the 
machine.  Partially  cooled  by  a  mixture  of  air,  the  gas  flames  consume 
all  the  loose  fluff  on  the  surface  of  the  cloths  as  they  are  rapidly  passed 
through. 

Both  gassing  and  singeing  require  a  certain  amount  of  care.  If 
operated  properly,  no  injury  is  done  to  the  fibre  of  the  cloths,  and 
all  the  loose  threads  and  downy  fluff  are  effectually  removed. 

Grey  Wash. — The  apartment  in  which  the  goods  are  ''grey- 
washed  "  should  be  adjoining  the  gassing  room.  Emerging  from 
the  squeezing  rollers  of  the  water  trough  at  full  width,  the  end  of  the 
cloth  is  caught  and  passed  through  earthenware  pot  eyes,   to  be  led 
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into  the  washhouse,  and  thence  directly  into  the  washing  machine, 
in  the  form  of  a  twisted  rope. 

Though  simple,  there  are  several  models  of  washing  machine,  each 
one  of  which  has  excellences.  The  oldest  and  simplest  of  these  wash- 
ing machines  will  suffice  for  illustration.  Two  drawing  or  feeding 
rollers  hang  in  front  of  the  machine,  over  the  liquor  cistern,  within 
which  revolves  the  dipping  roller;  across  the  cistern  lies  a  pegged 
rod  to  guide  the  cloths;  the  pressure  on  the  rollers  is  regulated  by 
screws  in  the  frame  at  each  side.  Entering  the  rollers  at  each  end, 
the  cloths  are  passed  down  under  the  dipping  rollers,  and  up  round 
the  pressure  rollers,  returning  again  at  a  peg  in  advance  towards  the 
centre,  and  spirally  winding  through  the  machine,  alternately  being 
dipped  and  squeezed,  impregnated  with  scouring  liquor  and  pressed 
free  of  it,  till,  at  the  centre  of  the  machine,  the  cloths  move  off  and 
are  plaited  down  on  the  stillage  in  the  bleachhouse,  there  to  lie  a  few 
hours  to  soften. 

It  may  be  well  at  this  early  stage  to  give  warning  that  no  industry 
exhibits  so  many  variations  in  small  details.  The  practice  of  one 
bleacher  differs  from  the  practice  of  all  others  in  those  trifling  details 
which  matter  little  in  principle  but  affect  the  action  in  practical  work 
a  good  deal.  For  example,  some  bleachers  prefer,  before  washing,  to 
steep  in  a  water  at  140°  F. ;  others,  again,  introduce  a  small  quantity 
of  malt  into  the  steep,  to  reduce  the  starchy  matters  in  the  weaver's 
dressing  to  sugar  and  render  them  easily  soluble. 

Bowking  or  Bucking  or  Lime  Boiling. — Scouring  removes  the 
grosser  impurities  from  the  cloths,  but  it  does  little  or  nothing  towards 
bleaching.  The  cotton  fibres  are  still  covered  with  a  fine  waxy  coating, 
offering  a  serious  hindrance  to  further  operations.  Before  proceeding 
further  we  break  up  this  waxy  coating  by  treating  it  with  lime. 

For  every  hundredweight  of  cloth,  slake  6  lb.  of  lime.  The  lime 
must  be  fresh,  and  free  from  carbonic  acid.  Mix  with  sufficient  water 
to  form  a  milky  liquid,  and  run  through  a  sieve  into  the  liming  box. 

Some  bleachers  pass  the  cloth  direct  into  the  boiling  kiers,  and 
trust  wholly  to  the  boiling  in  lime  water;  but  the  liming  machine, 
or  box,  gives  more  certainty.  The  machine  commonly  employed  is 
an  exact  duplicate  of  the  scouring  machine  described  above.  A  pair 
of  pressure  rollers  over  the  trough  deliver  the  cloth;  the  dipping 
roller  carries  it  under  the  lime  in  the  trough ;  the  pegs  in  the  cross- 
bar guide  the  layers  round  and  round,  at  every  turn  sending  them 
down  for  a  dip,  and  as  they  return  passing  them  through  the  squeezing 


BLEACHING   PROCESS 


143 


rollers.      When    thoroughly   saturated   with    the    lime,    the   cloths   are 
drawn  off  and  laid  in  coils  in  the  boiling  kier. 

Low-pressure  Kier. — The  object  of  the  bleacher  in  bowking  or 
lime  boiling  is  to  subject  the  goods  to  a  temperature  of  at  least  212°  F. 
in  a  diluted  lime  solution.  The  boiling  pans  are  named  kiers,  and 
may  be  either  low-pressure  or  high-pressure.  A  common  low-pressure 
kier  is  a  single  steam-tight  vessel,  of  a  cylindrical  shape, 
heated  by  low-pressure  steam  instead  of  fire.  The 
goods  rest  upon  a  false  bottom  or  grating,  and  a  ver- 
tical pipe,  with  a  cap  or 
spreader  on  the  top, 
causes  a  distribution  of  the 
liquid  through  the  cloth. 
An  iron  pipe,  communi- 
cating with  the  kier  below 
the  false  bottom,  has  two 
branches,  each  of  which 
is  provided  with  a  valve, 
the  one  to  supply  steam, 
and  the  other  water,  to 
the  kier.  A  valve  at  the 
crossing  section  of  the  " 
pipe,  opened  and  shut 
by  means  of  a  wheel  and 
connecting  rod,  serves  for 
letting  off  the  liquor  from 
the  vessel.  The  mouth  of 
the  kier  is  flanged,  and 
over  the  flange  rests  the 
cover,  which  is  bolted 
down  to  form  a  steam- 
tight  joint. 

One  kier  of  this  kind  generally  holds  about  2  tons  of  cloth,  for 
which  a  little  over  2  cwt.  of  lime  has  been  slaked.  Care  is  necessary 
in  calculating  the  supply  of  water,  so  that  the  goods  will  not  float  in 
too  much  liquid  nor  be  lime  burned  with  too  little.  Worked  at  a 
pressure  of  about  10  lb.,  the  goods  should  be  well  done  within  six- 
teen hours.  By  the  constant  circulation  of  the  liquor,  every  portion 
of  the  cloth  gets  its  due  share,  and  at  the  same  time  extraneous  matters 
are  brought  out. 


Fig.  544. — Section  of  Low  pressure  Injector  Kier 

A,  Cloth.     B,  Pipe  for  boiling  liquid,     c,  Point  of  circulation.     F,  Let-off 
pipe  tap.     G,  Tap.     H,  Stones  in  bottom  of  kier. 
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The  "injector"  kier  is  rather  newer  than  the  one  above  described, 
and  may  be  taken  as  the  type  (lig.  544).  The  cloth  a  lies  in  the  kier 
over  a  layer  of  stones  h,  which  acts  as  a  filter.  From  the  liquor  boiler 
the  liquor  descends  pipe  b,  passing  through  a  bend  to  pipe  d,  which 
rises  vertically  to  the  level  of  the  kier  cap,  and  crosses  to  enter  the 
injector  cap  e,  the  liquor  being  distributed  into  the  kier  by  the  latter. 
At  the  base  of  the  kier,  a  pipe  f  joins  the  pipe  d  at  point  C  on  one 
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Fig.  545.  —  Barlow's  High-pressure  Bleaching  Kier 

A  B,  Kiers.     c  D,  Pipes  connecting  bottom  of  one  kier  with  top  of  the  other.     B  F,  Valves.     G,  Steam  pipe. 
H,  Manhole.     K,  Distributing  pipe.     L  M,  Lime-water  pipe  valves.     N,  Milk-of-lime  pipe. 

side,  and  tap-rod  g  at  the  other,  while  it  is  open  to  the  outflow  pipe 
of  the  kier  at  the  centre.  While  circulation  is  maintained,  the  liquor 
from  the  keir  runs  to  point  c,  and  up  pipe  d,  joining  with  the  boiling 
liquor  from  pipe  b.  When  it  is  desired  to  let  off  the  liquor,  the  valve 
of  pipe  F  is  opened  by  the  tap-rod  G,  and  the  liquor  flows  off. 

High-pressure  Kiers. — High-pressure  kiers  are  frequently  worked 
in  pairs  at  a  pressure  of  50  lb.  or  more  (fig.  545).  The  kiers  are  con- 
nected by  two  diff"erent  pipes,  the  one  joining  the  top  of  the  first  with 
the  bottom  of  the  second,  and  the  other  joining  the  bottom  of  the  first 
with  the  top  of  the  second.  Each  pipe  is  furnished  with  a  valve  or  two- 
way  tap,  by  which  communication  between  the  kiers  can  be  opened  or 
closed  and  connection  maintained  with  the  steam  pipe.     Iron  plates  per- 
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forated  round  the  edges  make  false  bottoms  in  both  vessels,  and  up  from 
the  centre  of  each  a  pipe  is  led  having  holes  in  the  upper  part.  Laid 
in  the  kiers  through  the  manholes,  the  lime-saturated  cloths  are  fixed 
in  position  by  a  ringed  grid,  and  the  kiers  closed.  Then  the  high-pres- 
sure steam  is  introduced,  passing  through  the  distributor,  impinging 
against  the  cloth,  and  driving  the  lime  and  water  ever  downwards. 
The  stopcocks  at  each  end  of  the  horizontal  pipe  at  the  bases  of  both 
kiers  are  opened  to  let  out  the  spent  liquor.  When  nothing  but  steam 
comes  from  either  of  the  stopcocks,  it  is  turned  off,  and  milk  of  lime 
diluted  with  water  is  introduced  into  the  kier  through  a  pipe  at  the  top. 
High-pressure  steam  is  again  admitted,  the  exit-pipe  valves  being 
closed.  The  steam  forces  the  liquor  through  the  goods  to  the  bottom 
of  the  kier  and  up  the  connecting  pipe,  through  the  open  valve,  and 
into  the  distributor  of  the  adjoining  kier.  The  liquor  then  passes 
through  the  perforations,  and  is  distributed  among  the  folds  of  the 
cloth.  When  all  the  liquor  has  been  ascertained  to  have  passed  from 
one  into  the  other,  by  means  of  the  gauge  pipes  fitted  on  both  for  the 
purpose,  the  steam  is  shut  off  from  the  first  kier  and  turned  on  to  the 
second.  The  liquor  is  then  forced  through  the  goods  in  this  kier,  and 
up  the  connecting  pipe  into  the  other.  This  circulation  is  kept  going 
for  a  space  of  about  eight  hours,  when  the  cloths  are  considered  to  have 
been  fully  treated. 

The  lime-boiled  goods  are  drawn  directly  out  of  the  kier  and  passed 
through  a  washing  machine  to  take  away  the  lime  and  broken-up  wax 
and  other  impurities. 

Grey  Souring. — The  whole  of  the  lime  must  be  taken  out  of  the 
cloth.  Washing  would  never  take  it  all  away.  To  accomplish  re- 
moval of  any  impurity  in  cloth  the  universal  rule  is  to  reduce  it  to 
solubility,  and  then  wash  out.  It  is  well  known  that  hydrochloric 
acid,  even  in  a  weak  solution,  will  render  soluble,  in  the  form  of 
calcium  chloride,  any  lime.  The  cistern  of  the  washing  machine 
aforementioned,  or  one  like  it,  is  filled  with  a  weak  solution  of  hydro- 
chloric acid,  and  the  goods  run  through  it. 

After  being  thoroughly  saturated  with  the  acid  liquor,  the  cloth  is 
laid  down  for  a  few  hours  to  allow  the  acid  full  time  to  act.  Besides 
dissolving  the  lime,  the  acid  acts  on  any  metallic  oxides  which  may 
have  adhered  to  the  fibres. 

The  washing  machine  again  comes  into  use,  this  time  to  discharge 
all  the  dissolved  matters  in  the  cloth.  It  need  hardly  be  pointed  out 
that  this  washing  requires  to  be  very  thorough. 
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Bowking  with  Soda  Ash  and  Resin  Paste. — Though  the  waxy 
coating  of  the  cotton  fibres  has  been  broken  up  and  partially  removed 
by  the  lime,  a  certain  modicum  of  fatty  acid  remains,  over  which  the 
lime  has  no  power.  Those  fatty  acids  are  soluble  in  boiling  soda  ash, 
and  converted  into  soda  soaps.  Resin  paste  is  always  added  to  this 
boil,  and  though  we  know  that  the  operation  is  not  effective  without  it, 
no  sufficient  explanation  has  been  given  of  the  fact.  To  the  average 
bleacher,  at  least,  the  phenomenon  is  a  mystery;  but  he  sensibly 
accepts  facts,  even  though  unable  to  explain  them. 

For  every  ton  of  cloth  about  i  cwt.  of  soda  ash  and  30  lb.  of  resin 
will  be  required.  The  common  use  in  former  days  was  to  put  the  soda 
ash  and  resin  in  the  bottom  of  the  kier  in  the  quantity  required  by  the 
weight  of  the  cloth ;  but  this  practice  has  been  abandoned  in  favour  of 
dissolving  and  mixing  the  ingredients  beforehand,  and  running  them, 
with  due  proportion  of  water,  into  the  kiers. 

The  method  of  working  the  kiers  is  the  same  as  that  followed  in  the 
lime  boil.  Employing  high-pressure  kiers,  the  bowking  can  be  com- 
pleted in  six  hours;  with  low-pressure,  not  less  than  twelve  hours 
should  be  given.  Afterwards  the  spent  solution  is  run  out  of  the  kier, 
and  the  cloths  are  taken  out. 

It  is  always  a  noteworthy  feature  of  these  chemical  operations  that 
they  do  not  remove  the  impurities  which  are  dissolved.  This  has 
always  to  be  done  by  the  after  washing.  The  fact  should  be  kept  in 
mind,  and  the  washing  conducted  accordingly. 

Soda-ash  Boil. — When  goods  are  to  be  printed  it  is  very  important 
that  no  residue  of  impurity  or  any  of  the  resin  should  be  left  in  the 
cloth.  Any  resin  left  in  at  this  point  will  remain  and  become  per- 
manently fixed.  Therefore  the  cloths  are  again  subjected  to  bowking, 
this  time  with  pure  soda  ash.  The  operation  takes  only  about  half  the 
time  of  the  other  boil,  and  it  effectually  removes  the  impurities  as 
designed. 

The  same  operation  of  washing  follows  the  soda-ash  boil  as  we 
have  observed  in  the  others,  with  similar  objects  and  effects. 

Chlorinating  or  Chemicking. — The  crux  of  the  whole  bleaching 
process  lies  in  the  chemicking.  Though  the  colouring  matters  are 
the  smallest  impurities  in  the  cloths,  they  are  really  the  most  dele- 
terious from  the  bleacher's  standpoint.  We  may  leave  traces  of  some 
impurities  without  very  serious  harm,  but  failure  to  remove  the  colour- 
ing matters  wholly  is  complete  failure. 

We  have  already  investigated   the  chemical   theory  of  bleaching. 
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By  means  of  a  dilute  solution  of  bleaching  powder,  called  in  technical 
language  the  chemtc,  it  is  intended  to  remove  from  the  cloth  all 
traces  of  colouring  matters.  The  first  care  of  the  bleacher  is  to  see 
that  his  bleaching  powder  is  fully  up  to  strength.  For  the  purpose 
of  analysis  the  powder  is  considered  to  be  a  combination  of  hypo- 
chlorite of  lime,  calcium  chloride,  and  hydrate  of  lime  in  various  pro- 
portions. The  important  ingredient  is  the  first,  and  the  object  of 
analysis  is  to  find  how  much  of  this,  and  of  what  strength,  the  bleach- 
ing powder  contains.  The  test  most  commonly  adopted  is  the  con- 
version of  arsenious  into  arsenic  acid  by  the  oxidating  action  of  the 
chlorine.  A  standard  one-tenth  solution  of  arsenious  acid  is  made  up. 
For  every  cubic  centimetre  of  arsenious  solution  an  equal  percentage 
of  chlorine  should  be  found  in  the  sample.  If  the  chlorine  is  below 
35  per  cent  it  is  not  up  to  strength. 

Preparation  of  the  chemic  may  be  accomplished  by  various  methods. 
A  good  way  is  to  take  a  5-cwt.  cask  and  put  it  into  a  cistern  with  600 
gal.  of  water,  and  agitate  till  the  whole  of  the  powder  has  been  well 
wetted.  Allow  to  settle ;  the  result  gives  600  gal.  of  good  clear  liquor 
of  10°  Twaddell.  One  gallon  of  this  mixed  with  20  gal.  of  water  is 
strong  enough  under  favourable  conditions.  If,  however,  the  water 
acts  destructively  upon  the  chlorine,  a  stronger  solution  will  be  re- 
quired. On  the  other  hand,  as  an  excess  of  the  chemic  forms  oxy- 
cellulose,  and  causes  a  tendering  of  the  cloth  fibre,  extreme  caution  is 
called  for  in  the  addition  of  strength. 

The  practical  operations  of  chemicking  are  simple,  being  nothing 
more  than  a  washing  with  the  bleaching  liquor  instead  of  water.  After- 
wards, as  has  already  been  stated,  the  goods  are  allowed  to  lie  for  several 
hours,  during  which  period  the  chemic  performs  its  bleaching  function. 

Souring'. — To  complete  the  decomposition,  and  take  away  the  liber- 
ated hypochlorous  acid  by  decomposing  it  into  chlorine,  the  goods  are 
passed  through  a  dilute  solution  of  sulphuric  acid.  Sulphuric  acid 
of  a  specific  gravity  of  1.075  ^s  commonly  employed  in  the  sour. 

The  final  washing  operation  follows  immediately  on  the  souring. 
By  this  last  act  we  expect  to  make  the  cloth  perfectly  pure. 

Drying. — At  the  end  of  the  washing  machine  a  pair  of  specially 
padded  squeezing  rollers  with  a  heavy  pressure  are  usually  to  be 
found.  Thence  the  cloths  are  passed  into  either  centrifugal  driers, 
or  the  range  of  drying  cylinders  technically  known  as  the  tins.  Some- 
times the  squeezing  rollers  are  omitted  and  the  goods  passed  into  the 
centrifugal  driers,  and  thence  to  the  cylinders.     In  this,  as   in   most 
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of  the  bleaching  operations,  mechanical  methods  vary  a  good  deal. 
The  main  point  is  to  accomplish  the  drying  swiftly  and  thoroughly. 

Various  Bleaches. — We  have  elected,  for  several  reasons,  to  follow 
through  the  madder  process.  The  madder  bleach  is  not  so  long  as 
the  market  bleach,  but  it  is  equally  severe,  the  main  object  being  to 
obtain  chemical  purity  raiher  than  appearance  of  whiteness,  which  is 
the  aim  of  the  market  bleacher.  The  chief  argument,  however,  for 
taking  up  the  madder  bleach  is  that  it  is  always  the  preliminary  to 
calico  printing,  the  term  "madder"  having  been  derived  from  the 
fact  that  it  was  originally  employed  for  goods  to  be  printed  or  dyed 
a  madder  colour.  Preparation  for  the  calico  printer  is  by  far  the  most 
important  function  of  cotton  bleaching,  though  a  considerable  quantity 
is  now  prepared  for  the  market. 

Bleaching  Cotton  Threads. — Yarns  and  threads  are  bleached  by  a 
shorter  process,  of  which  the  following  is  a  summary: — 

1.  Boiling.  5.  Souring. 

2.  Soda-ash  boil.  6.  Washing.  r 

3.  Washing.  7.  Drying. 

4.  Chemicking. 

As  a  rule,  the  great  thread  manufacturers  bleach  for  themselves, 
and  have  special  machines  and  processes.  A  few  bleachers  specialize 
in  yarn  and  thread  bleaching,  but  the  trade  has  not  increased  during 
recent  years. 

Improved  Processes. — Improvement  in  the  bleaching  process  has 
taken  two  directions,  the  one  to  substitute  a  cheaper  agent  for  bleach- 
ing powder,  and  consequently  a  shorter  series  of  operations,  the  other 
has  been  directed  to  improving  mechanical  methods  and  machines. 
In  the  former  efforts  we  have  not  been  able  to  learn  of  any  real  success. 
The  great  mass  of  the  bleaching  trade  still  keeps  to  the  old  bleaching 
agent,  though  some  bleachers  who  have  adopted  other  agents  seem  to 
be  able  to  hold  their  own. 

Mather  -  Thomson  Process.  —  Of  the  numberless  varieties  in 
machines  and  methods  operated  all  over  the  world  we  can  take  little 
note.  Mr.  George  Duerr,  however,  regards  the  Mather -Thomson 
process  as  one  of  the  more  noteworthy  of  the  newer  methods.     He  says : 

"This  process  is  divided  into  two  distinct  operations — the  scour- 
ing, or  cleansing,  and  the  bleaching  proper. 

^^  Scouring. — The  pieces  are  stitched  end  to  end  in  the  ordinary 
way,  so  as  to  form  a  long  rope,  which  can  be  worked  in  a  continuous 
length,  and  then  treated  with  the  hot  solution  of  caustic  soda  which 


BLEACHING    PROCESS  149 

has  been  employed  in  the  former  operation  of  scouring  in  the  steamer 
kier.  It  is  then  washed  and  brought  into  wagon  cages,  there  folded 
by  machinery,  and  the  cages  pushed  into  the  steamer  kier. 

'■'■  Steamer  Kier. — This  consists  of  a  horizontal  boiler  or  cylinder, 
one  end  of  which  can  be  closed  by  means  of  a  stout  wrought-iron 
door,  which  can  be  lifted  up  and  lowered  by  hydraulic  arrangement. 
A  centrifugal  pump  is  connected  with  the  top  of  the  apparatus,  which, 
by  means  of  an  inverted  T  pipe  fixed  at  the  top  of  the  steamer,  and 
corresponding  with  the  middle  of  each  cage,  allows  a  constant  flow 
of  the  caustic  lye  on  the  cloth,  through  an  arrangement  of  sprinklers, 
keeping  the  material  constantly  wet  with  the  alkaline  solution,  and 
thus  preventing  decomposition.  The  caustic-soda  lye  used  in  this 
operation  is  made  up  to  2"  to  4°  Twaddell,  and  will  contain  about  0.5 
to  I  per  cent  NaOH ;  the  pressure  employed  is  about  4  lb.  to  the 
square  inch,  and  the  duration  is  five  hours. 

"After  steaming,  the  liquor  is  run  ofl"  into  the  cistern  below,  and 
the  kier  is  almost  filled  with  hot  water,  which  is  kept  in  circulation 
by  means  of  a  pump,  and  thus  washes  the  material.  The  water  is 
then  run  off,  the  door  opened,  the  cages  removed,  and  the  cloth 
rinsed  with  cold  water,  the  scouring  being  complete. 

"The  cages  are  constructed  of  galvanized-iron  lattice  work,  and  are 
provided  with  a  perforated  column  in  the  middle,  by  means  of  which 
the  liquor  can  penetrate  all  through  the  cloth.  Two  cages  will  go  into 
the  steamer  kier,  and  2  tons  of  cloth  can  be  treated  at  the  same  time. 

"The  steamer  kier  can  be,  and  is,  largely  used  in  connection  with 
the  ordinary  bleaching  process;  in  fact,  with  a  little  modification  it 
can  be  employed  as  a  boiling  kier,  the  circulation  being  effected  by 
a  pump,  and  lime  can  be  used  for  scouring  in  the  ordinary  way. 

"The  bleaching  is  effected  in  a  series  of  troughs,  in  about  the 
following  order: — 


I. 

Rinsing-  with  hot  water. 

2. 

First  chemic  bath. 

3' 

Passage  through  carbonic  acid  chamber. 

4- 

Washing-. 

5- 

Scalding-  with  soda  ash. 

6. 

Washing-. 

7- 

Second  chemic  bath. 

8. 

Carbonic  acid. 

9- 

Wash. 

10. 

Sour  with  hydraulic  acid. 

II. 

Wash  well  and  finish. 
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**The  cloth  passes  through  the  machine  at  the  rate  of  60  yd.  per 
minute.  The  novelty  of  this  process  is  the  employment  of  carbonic 
acid,  which  decomposes  the  hypochlorite  of  lime,  forming  free  hypo- 
chlorous  acid,  and  effects  the  bleaching;  but  carbonate  of  lime  pre- 
cipitated on  the  fibres  must  afterwards  be  removed  by  the  bath  of 
hydrochloric  acid.  A  very  quick  bleach  is  effected  by  the  process, 
as  cloth  takes  only  about  ten  or  twelve  hours  in  all  to  go  through 
the  different  operations,  and  a  saving  is  effected  in  the  amount  of 
water  used — a  matter  of  grave  consideration  with  bleachers  who  do 
not  enjoy  an  unlimited  supply  of  water. 

"  The  cloth,  moreover,  is  not  punished  so  much  as  in  the  old 
process;  but  it  must  be  said  that,  although  a  good  market  bleach 
can  be  obtained  by  this  process,  the  result  is  not  quite  satisfactory 
for  a  madder  bleach." 

It  seems  to  us  very  likely  that  many  bleachers  will  dissent  from 
the  recommendations  of  Mr.  Duerr;  but  he  appears  to  have  given 
the  subject  serious  attention,  and  his  authority  commands  considera- 
tion. For  these  reasons  we  have  quoted  his  words  verbatim,  and  do 
not  add  any  comment. 

Linen  Bleaching. — So  far  as  Europe  is  concerned  at  least,  linen 
was  the  first  tissue  to  be  bleached  systematically  ;  but  cotton  has 
overshadowed  it,  even  in  that  department.  So  much  is  this  so  that 
many  textbooks  of  bleaching  deal  with  linen  in  a  very  perfunctory 
manner,  merely  adding  at  the  end  of  one  or  two  single  operations 
a  few  notes  of  the  differences  between  cotton  and  linen,  and  con- 
cluding on  the  whole  that  the  bleaching  process  for  linen  differs  in 
little  from  that  of  cotton  which  has  been  exhaustively  detailed.  The 
facts  of  the  case  do  not  justify  such  a  subordination  of  linen  to 
cotton  in  respect  of  bleaching,  though  there  are  many  things  which 
excuse  it.  Instead  of  founding  themselves  upon  a  scientific  basis, 
as  cotton  bleachers  have  done,  linen  bleachers  have  kept  to  traditional 
practice,  grudgingly  admitting  the  new  where  it  could  not  be  denied. 
In  consequence  there  is  no  general  system  of  linen  bleaching  for 
anyone  to  recommend.  We  can  only  say  that  this  or  that  process 
is  carried  through  in  that  or  this  place.  Some  of  the  causes  for  the 
state  of  things  are  admirable.  For  instance,  because  the  Irish  and 
Forfarshire  bleachers  have  yet  wide  green  fields  open  around  them, 
and  cheap  land,  they  can  afford  to  continue  the  system  of  open-air, 
grass  bleaching,  which  has  ceased  to  be  possible  for  bleachers  less 
favourably  situated.      So  it  is  with  water  supply.     In  districts  remote 
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from  towns  and  sparsely  populated,  where  water  is  plentiful,  a 
different  set  of  conditions  obtain  from  those  in  which  factory  bleachers 
work.  The  former  pay  nothing  for  their  water,  and  have  always 
plenty  of  it;  the  latter  are  taxed  heavily,  and  require  to  restrict 
themselves,  besides  being  liable  to  suffer  from  lack  of  water  at  times. 
Irish  Linen  Bleaching. — According  to  Mr.  William  Charley,  one 
of  the  leading  authorities  on  the  subject,  the  system  followed  in  the 
North  of  Ireland  is  as  follows: — 

1.  Steep  for  24  hours 

2.  Boil  7  hours  in  lye  and  resin,  2^° 

3.  Boil  9  hours  in  lye,  2!" 

4.  Grass  3  days 

5.  Boil  10  hours  in  lye,  3°     ... 

6.  Grass  for  3  days 

7.  Boil  8  hours  in  lye,  3° 

8.  Grass  for  3  days 

9.  Roug-h  sour  10  hours  in  vitriol,  2° 

10.  Scald  4  hours  in  weak  lye 

11.  Grass  for  2  days 

12.  Dip  10  hours  in  alkaline  liq.  (40  to  i  str.) 

13.  Sour  12  hours  in  vitriol,  i.^° 

14.  Scald  4  hours  in  lye  and  soap 

15.  Rub  with  brown  soap 

16.  Grass  for  2  days 

17.  Dip  10  hours  in  alkaline  (30  to  i  streng-th) 

18.  Sour  12  hours  in  vitriol,  1° 

19.  Scald  3  hours  in  soap  and  lye 

20.  Dip  10  hours  in  alkaline  (45  to  i  strength)   = 

21.  Sour  12  hours  in  vitriol,  1° 

22.  Rub  with  soap 
All  degrees  Twaddell. 

Counting  washings,  we  have  here  no  fewer  than  forty  operations, 
occupying  in  all  thirty-one  days,  thirteen  of  which  are  employed  in 
grass  bleaching.  The  difference  between  linen  and  cotton  bleaching  is 
therefore  sufficiently  marked  to  constitute  them  quite  different  indus- 
tries. Note,  further,  the  character  of  the  chemicals  used  in  linen 
bleaching,  and  see  how  much  stronger  and  more  severe  they  are  in 
activity.  These  divergences  are  emphasized  when  we  come  to  the 
fact  that,  while  cotton  loses  5  per  cent  in  bleaching,  linen  loses  25 
per  cent  in  the  process. 

The  reasons  for  these  occurrences  are  not  far  to  seek.  Cotton,  as 
we  have  shown,  is  a  pure  fibre  in  itself,  and  when  the  impurities 
and  colouring  matters  are  taken  away,  the  whole  fibre  itself  remains. 
Linen,   on   the   contrary,    becomes   thoroughly   impregnated   with   the 
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colouring  matters  during  retting,  and  it  is  not  a  pure  fibre,  being 
of  mixed  composition.  To  destroy  the  colouring  matters  in  linen 
is  a  task  of  no  light  difficulty,  and  the  marvel  has  always  been  that 
the  rude  nations  of  the  earlier  civilizations  were  able  to  produce 
cloths  which  became  a  symbol  of  purity.  It  is  true  that  the  sun  is 
stronger  in  the  regions  where  these  nations  were  than  in  the  British 
Isles,  but,  after  all  deductions  have  been  made,  the  patience  and 
insight  of  those  ancient  bleachers  must  always  command  admiration. 

Sometimes  we  have  seen  it  stated  in  treatises  on  calico  bleaching, 
without  explanation,  that,  under  the  old  Dutch  method,  bleaching 
took  from  eight  to  ten  weeks.  It  should  be  understood,  however, 
that  the  operation  referred  to  was  linen  bleaching.  With  all  our 
chemical  advance,  as  we  see,  there  are  bleaching  processes  going  on 
among  us  which  consume  nearly  six  weeks. 

It  is  obvious  that  the  system  of  bleaching  above  detailed  is 
thorough  and  produces  the  best  results.  No  haphazard  experiments 
are  undertaken ;  the  whole  process  is  carried  through  with  clear 
understanding  of  what  each  operation  will  do.  For  fine  heavy  linens 
of  the  highest  class  the  system  is  the  best  possible,  and  it  is,  we 
believe,  still  practised  by  firms  who  have  the  highest  reputation  on 
the  market;  but  for  ordinary  goods,  produced  for  the  open  market, 
another  and  less  costly  method  has  been  largely  adopted. 

Factory  System. — Science,  it  may  be  said,  has  not  altogether  left 
the  linen  bleacher  to  his  own  devices.  As  early  as  1867,  a  shorter 
process  was  brought  into  practice,  and  it  has  largely  superseded  the 
grassing  method,  not  only  in  the  town,  but  also  among  country 
bleachers.     The  steps  of  the  process  are: — 

1.  Wash. 

2.  Boil  in  lime  water  10  or  12  hours. 

3.  Sour  in  muriatic  acid,   of  2°  Twaddell,   3  or  4  hours. 

4.  Wash. 

5.  Boil  with  soap  and  resin   12  hours. 

6.  Turn   the  g'oods,   so  that   those  at  the  top  shall   be  at 

the  bottom,   and  boil   12  hours. 

7.  Wash. 

8.  Chemic  at  ^°  Twaddell,  or  1.0025  sp.  g-r.,  4  hours. 

9.  Sour  at  2°  Twaddell,  or  i.oio  sp.  gr. 

10.  Wash. 

11.  Boil  in  soda  ash   10  hours. 

12.  Chemic. 

13.  Wash. 

14.  Dry. 


BLEACHING   PROCESS  153 

It  is  quite  evident  that  the  above  has  been  based  upon  the  madder 
cotton  bleach,  with  additions  of  strength  required  by  the  flax  fibre. 
Machines  and  theories  of  application  are  practically  identical.  As 
linen  bleaching  affects  very  strongly  the  business  repute  of  manu- 
facturers, they  naturally  seek  out  special  methods  each  for  himself. 
But  the  more  valuable  of  these  practices  are  jealously  guarded  secrets. 
It  is  not  right  to  pry  into  and  divulge  the  results  of  anxious  labour. 
From  the  broad,  general  lines  laid  down,  it  is  open  for  everyone  to 
develop  his  own   special  methods  of  bleaching. 

Silk  Bleaching. — All  raw  silks  are  coloured  less  or  more.  We 
have  frequently  seen  it  asserted  that  the  colouring  of  cultivated  silks 
lies  wholly  in  the  gummy  covering  of  the  fibres,  while  the  fibres  of 
wild  silks  are  impregnated  with  colour;  but  practical  men  know  the 
facts  quite  differently.  Even  after  all  the  gum  has  been  stripped 
from  many  of  the  best  China  silks,  a  colour  ranging  from  a  very  pale 
drab  to  an  intense  yellow  remains. 

The  question  whether  or  not  the  colour  is  a  blemish  is  another 
matter,  and  brings  into  view  a  complex  subject.  Silk  is  so  valuable, 
so  desirable,  and  so  beautiful  in  any  form,  that  uses  are  found  for 
all  kinds  of  it;  the  manufacturer  has  thus  a  wide  latitude,  of  which 
he  has  taken  large  advantage.  The  natural  varieties  are  many;  textile 
uses  command  manipulation  of  silk  qualities  productive  of  further 
diversity;  fashion  and  the  love  of  novelty  create  an  ever-changing 
succession  of  variations.  The  bleacher  has  not,  therefore,  a  simple 
task;  he  is  neither  given  a  material  of  uniform  quality  nor  permitted 
to  bring  those  varied  materials  into  a  single  set  of  characters.  He 
has  to  learn  several  systems,  and  often  realizes  that  his  labour  may 
not  make  for  satisfaction  after  all. 

Classes  of  Silks.  —  By  common  consent  silks  are  considered  as 
consisting  of  two  large  natural  classes:  cultivated  silks  and  wild 
silks.  Because  predominant  in  each  class,  the  Bombyx  mori  on  the 
one  hand  and  the  Tusseh  on  the  other  give  their  names  to  the  two 
classes.  Though  both  of  the  Bombyx  mori  class,  for  example,  Italian 
raw  silks  are  yellow  and  those  of  Persia  are  almost  white.  China 
and  Cashmir  exhibit  equal  diversity.  Among  the  Tussehs  the  same 
phenomenon  must  be  observed  and  allowed  for. 

Bombyx    Mori,    or   Ordinary   Silks.  —  The    natural    constitution   of 

mulberry-fed   silks   and  wild   silks   differs   so   essentially  as   to   cause 

the  bleacher  to  adopt  methods  of  treatment  for  each  by  itself.      It  is 

usual  to  say  that  the  preliminary  process  to  the  bleaching  of  ordinary 
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silks  is  in  the  degumming;  but  though  true  in  a  loose  sense  it  slurs 
over  a  very  important  fact.  To  produce  certain  qualities  of  silks  we 
resort  to  a  partial  degumming,  the  three  large  classes  of  silks  being 
differentiated,  in  the  first  instance,  by  the  degree  of  stripping  to  which 
they  have  been  subjected.  These  classes  are  technically  styled  boiled- 
off,  souple,  and  ecru  silks.  Boiled-off  silk  has  been  completely  de- 
gummed;  souple  silk  has  been  so  treated  that  about  five-sixths  of  the 
gum  remains;  ecru  is  subjected  to  still  lighter  stripping,  and  retains 
90  per  cent  of  the  gum. 

Boiled-off  Silk. — The  process  of  making  this  class  of  scoured  silks 
comprises  three  separate  operations,  two  of  which,  stripping  and 
boiling-off,  are  special  to  itself,  while  the  third,  bleaching,  is  common 
to  others. 

Stripping. — The  operation  of  stripping  is  a  combination  of  scouring 
and  boiling.  It  may  be  carried  through  in  one  operation,  or  three 
boilings  may  be  required.  Alternatively,  we  may  scour  and  boil  in 
soap,  and  then  complete  the  operation  by  steaming.  The  latter  method 
was  patented  by  Samuel  Brierley  in  1821,  and  has  lately  been  brought 
into  note;  it  is  so  distinct  in  character  that  we  shall  consider  it  apart. 

Stripping  at  One  Operation. — Silks  intended  to  be  dyed  with  strong 
and  dark  colours  are  usually  given  only  a  single  stripping.  The  strip- 
ping vats  may  be  of  iron,  copper,  or  wood,  but  preferably  the  last, 
because  any  metallic  stains  which  may  get  on  to  the  silks  from  the  baths 
can  hardly  be  got  rid  of.  A  common  vat  is  10  ft.  long  by  3  ft.  wide, 
and  about  3  ft.  in  depth,  with  a  steam  pipe  for  heating  purposes  coiled 
on  the  bottom.  The  skeins  of  silk  are  hung  in  the  vats  by  wooden 
rods  resting  on  the  sides.  The  bath  is  prepared  by  allowing  3  gal.  of 
water  and  3  lb.  of  good  olive-oil  soap  to  every  10  lb.  of  silk.  When 
the  soap  has  been  thoroughly  dissolved  and  the  temperature  raised 
to  190°  F.,  the  silk  skeins  are  immersed  in  the  liquor.  For  about  an 
hour  the  silks  are  worked  through  the  liquor,  while  the  temperature 
of  the  bath  is  raised  to  about  205°  F.  For  a  few  minutes  the  silk 
swells  up  and  becomes  sticky,  and  then  the  gum  slowly  dissolves, 
leaving  the  fibres  clear  and  lustrous.  Satisfied  that  the  gum  has  been 
completely  removed,  the  operator  lifts  the  skeins  out,  and  passes  them 
through  a  heavily  padded  squeezing  machine  to  express  the  surplus 
liquor. 

To  clear  the  fibres  of  liquor  they  are  run  through  a  washing  machine 
containing  \  lb.  of  soap  and  2  oz.  soda  to  the  gallon  of  water,  and  gently 
pressed  to  partially  dry. 
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Repeated  Strippings. — For  silks  being  prepared  for  delicately 
shaded  colours  the  process  of  stripping  is  rather  longer,  consisting  of 
three  operations.  Into  the  first  bath  we  dissolve  2|  lb.  of  soap  to 
every  10  lb.  of  silk,  with  about  3  gal.  of  water  in  the  same  propor- 
tion. Having  been  treated  for  about  an  hour  in  the  bath  with  a 
raised  temperature,  the  silks  are  taken  out  and  immersed  in  a  second 
bath.  This  contains  i^  lb.  of  soap  to  every  10  lb.  of  silk,  but  the 
treatment  is  otherwise  similar.  Lifted  out,  the  skeins  are  laid  in 
a  third  bath,  this  time  with  a  liquor  containing  about  i  lb.  soap  to 
10  lb.  of  silk.  After  treatment  in  this  bath  the  silks  are  washed  as 
before. 

Silk  stripping  is  a  skilled  man's  work.  The  length  of  treatment 
and  degrees  of  heat  in  the  bath  depend  wholly  upon  the  effect  upon 
the  silks,  which  vary  widely  in  quality.  The  gum  on  some  silks  is 
very  hard  and  on  others  it  is  soft.  To  prolong  the  stripping  after 
all  the  gum  has  been  taken  away  is  to  injure  the  fibres  and  give  them 
a  colour  not  easily  taken  off. 

When  using  the  three-bath  method  it  is  a  saving  of  soap  and 
labour  to  convert  No.  2  bath  into  a  No.  i,  and  No.  3  into  a  No.  2, 
by  adding  the  requisite  quantities  of  soap,  emptying  out  the  old  No.  i, 
and  making  up  a  new  No.  3. 

Stripping  Weighted  Silks. — Adulteration  of  silks  is  too  common, 
and  we  frequently  have  to  deal  with  silks  which  have  been  weighted 
with  various  kinds  of  mineral  bodies  which  are  apt  to  form  insoluble 
impurities  in  combination  with  the  soap.  Having  made  sure  that 
the  fibres  have  been  weighted,  first  rinse  them  through  water,  then 
steep  for  two  hours  in  a  bath  of  dilute  hydrochloric  acid  at  a  tempera- 
ture of  from  100"  to  120°  F.  After  rinsing  again  in  clean  water,  the 
silks  are  ready  for  stripping. 

Brierley's  Patent. — The  method  of  stripping  with  steam,  invented 
by  Samuel  Brierley,  and  forgotten  for  a  long  time,  has  been  revived 
with  some  measure  of  success.  A  strong  soap  bath  (30  per  cent)  is 
made  up  to  a  temperature  of  150°  F.,  and  into  this  the  silk  skeins  are 
placed,  hung  on  wooden  rods  held  by  the  sides  of  the  vat.  Worked 
through  the  soap  till  thoroughly  saturated,  the  silks  are  taken  out  and 
hung  in  a  steambox.  The  steambox  should  be  roomy,  and  capable 
of  being  made  steam-tight.  For  about  twenty  minutes  a  pressure  of 
steam  up  to  7  lb.  is  put  on,  dissolving  the  gum,  and  causing  it  to 
flow  into  a  receptacle  at  the  bottom  of  the  steambox. 

To  take  away  the  loosened  gum   still    clinging  to  the   fibres,    the 
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skeins  are  boiled  in  a  weak  soap  solution  for  twenty  minutes.  When 
clean,  the  skeins  are  taken  out,  washed,  and  dried. 

As  the  sericin  or  gum  is  dissolved  clean  away  from  the  fibres,  while 
it  mingles  constantly  with  the  soaps  in  the  other  method,  there  appears 
to  be  some  basis  for  the  contention  that  this  steaming  process  gives  a 
cleaner,  whiter  silk  than  the  common  method. 

Boiling'-off. — Resuming  the  common  method,  we  prepare  the  skeins 
for  the  operation  known  as  boiling-off.  Boiling  vats,  or  kettles,  are 
filled  with  a  lo-per-cent  solution  of  soap,  and  into  the  liquor  the 
silks,  enclosed  usually  in  bags  of  flax  named  pockets^  are  plunged, 
to  be  boiled  for  half  an  hour.  Bags  are  not  always  regarded  as 
necessary;  but  it  is  safer  to  use  them,  if  the  boiling  vats  are  of 
metal,  to  prevent  metallic  stain.  When  boiled,  the  silks  are  taken 
out  and  washed  with  clean  water  till  every  trace  of  soap  has  been 
removed. 

The  next  stage  is  bleaching,  which  is  one  of  the  general  processes 
to  be  detailed  separately. 

Souple  Silks. — Soft,  pliable,  and  only  partially  degummed,  these 
silks  are  treated  to  four  operations:  i.  Scouring;  2,  bleaching;  3, 
sulphuring;  4,  softening.  The  operations  special  to  this  process  are 
the  scouring,  bleaching,  and  softening — the  bleaching  in  this  case 
following  upon  a  condition  not  common  to  other  silks  otherwise 
prepared. 

1.  Scouring. — The  special  character  of  souple  silk  is  attained,  in 
the  first  instance,  by  causing  the  fibres  to  swell,  without  removing 
the  whole  of  the  sericin.  To  effect  these  purposes,  and  clean  the 
fibres  of  grease  and  other  impurities,  we  treat  the  silk  for  two  or  three 
hours  in  a  bath  of  lo-per-cent  soap,  at  a  temperature  of  from  85°  to 
g^"  F.  When  taken  from  the  bath  the  skeins  are  squeezed  to  free 
them  of  superfluous  liquor,  and  in  that  condition  the  material  is  ready 
for  the  next  operation. 

2.  Bleaching.  —  Mix  i  part  nitric  acid  and  5  parts  hydrochloric 
acid,  diluted  with  water  to  5°  to  6°  Twaddell.  Steep  the  silk  in  the 
weak  acid  for  about  fifteen  minutes.  Wash  thoroughly  in  clean  water 
and  wring  dry. 

Great  care  must  be  observed,  in  carrying  through  this  operation, 
to  prevent  the  nitric  acid  from  discolouring  the  fibres.  The  acids 
must  be  washed  out  till  not  a  trace  is  left,  or  else  mischief  will 
ensue. 

3.  Sulphuring. — After  sulphuring,  the  silk  appears  very  rough  and 
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harsh  to  the  feel,  but  it  is  precisely  the  roughness  which  gives  the 
basis  for  the  soupler  to  work  upon. 

4.  Soupling  or  Softening. — To  bring  the  fibres  into  the  soft  and 
flexible  condition  desired,  the  skeins  are  boiled  in  a  weak  solution 
of  cream  of  tartar,  i  lb.  to  the  20  gal.  of  water.  After  being  boiled 
for  one  to  one  and  a  half  hour  the  skeins  are  taken  out,  squeezed, 
and  dried. 

Silk  bleachers  do  not  undertake  to  tell  why  cream  of  tartar  has 
the  softening  effect  upon  the  fibres;  the  device  seems  to  have  been 
discovered  by  purely  empirical  experiment,  and  found  satisfactory. 
Other  salts,  such  as  Epsom  and  Glauber's,  have  been  tried  instead, 
but  the  effects  have  not  been  equal  in  excellence  to  those  produced 
by  cream  of  tartar. 

£cru  Silk. — The  main  object  of  the  ecru  system  is  to  obtain  a 
white  silk,  without  removing  more  than  a  very  small  proportion  of 
the  sericin  or  silk  gum.  Therefore  washing  and  bleaching  are  the 
principal  operations  in  the  system.  In  the  ordinary  ecru  process  there 
are  six  operations,  thus: — 

1.  Washing"  in  cold  water. 

2.  Washing  in  10  per  cent  of  soap  at  80°  to  90°  F. 

3.  Sulphuring. 

4.  Bleaching 

5.  Washing. 

6.  Sulphuring. 

To  obtain  a  very  white  ecru  the  silk  is  subjected  to  a  longer  series 
of  operations,  mainly  repetitions  of  the  washings  and  bleachings  just 
mentioned.     The  order  is  as  follows: — 

1.  Washing  in  cold  water  with  10  per  cent  of  soap. 

2.  Washing  in  water. 

3.  Sulphuring. 

4.  Bleaching. 

5.  Washing. 

6.  Soaping  with  10  per  cent  of  soap  at  80'  to  90°  F. 

7.  Sulphuring. 

8.  Washing. 

9.  Treating  with  cold,  weak  soda  (1.5  per  cent). 

10.  Treating  with  warm,  weak  soap  (3  per  cent). 

11.  Washing. 

12.  Sulphuring. 

13.  Washing. 

Water. — If  cotton  and  linen  bleachers  require  to  be  careful  in  their 
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choice  of  water,  it  naturally  follows  that  the  silk  bleacher  must  be  even 
more  rigorous,  because  of  the  superior  delicacy  of  the  fibres  he  has  in 
charge.  Soft,  pure  waters  are  the  best;  but  if  the  only  water  available 
is  temporarily  hard,  the  addition  of  a  little  soda  to  each  bath  before 
beginning  operations  will  serve  to  correct  the  defect. 

Soaps. — Olive-oil  soap  has  always  been  regarded  as  the  standard 
saponifying  agent  in  silk  stripping,  washing,  boiling-off,  and  bleach- 
ing; but  that  material  is  costly,  and  substitutes  have  been  sought. 
Among  the  best  of  these  are  cocoanut  oil  and  refined  white  tallow 
soaps.  Castor-oil  soap  has  many  qualities  to  recommend  it:  for 
solubility  and  cleansing  quality  castor-oil  soap  has  no  superior;  but 
the  odour  is  potent,  almost  ineradicable,  and  generally  much  disliked. 
For  cloths  heavily  dyed,  by  repeated  operations,  the  soap  is  suitable, 
because  the  odour  is  almost  wholly  suppressed.  Low-class  soaps  are 
neither  economical   nor  satisfactory. 

Waste  Liquors. — One  of  the  most  urgent  problems  facing  silk 
bleachers  at  the  present  day  is  how  to  dispose  of  waste  liquors.  In 
the  interests  of  the  general  community  pollution  of  rivers  and  draining 
watercourses  is  forbidden  by  Act  of  Parliament,  though  local  author- 
ities may  not  enforce  all  the  sections  of  the  Act  rigorously  when  the 
existence  of  an  important  industry  is  in  question.  Application  of  the 
Rivers  Pollution  Act,  however,  grows  stricter  every  year,  and  the 
problem  of  utilizing,  or  otherwise  rendering  innocuous,  the  waste 
liquors  must  be  solved. 

A  large  proportion  of  the  boiled-off  liquors  is  used  up  in  the 
dyeing  department.  For  dyeing  souple,  schappe,  and  ecru  silks  the 
waste  liquor  from  the  stripping  and  boiling-off  is  absolutely  necessary. 
Unless  the  liquor  in  the  dye  bath  were  already  fully  charged  with 
sericin  or  silk  glue,  the  dyeing  would  change  the  character  of  the 
silks  by  taking  away  some  of  the  sericin  which  it  is  desired  should  be 
permanent.  Boiled-off  liquors  are  also  useful  for  the  regulation  of  acid 
dyes,  acting  as  a  kind  of  retarding  agent.  After  the  boiled-off  liquor 
has  performed  this  double  service,  however,  the  problem  of  its  disposal 
remains,  and  perhaps  slightly  complicated. 

As  a  rule,  the  practice  is  to  recover  the  fatty  ingredients  of  the 
soaps  in  the  liquors,  remaking  the  fats  into  soaps  by  the  addition  of 
the  alkalis  required,  and  disposing  of  the  sericin,  for  which  no  use  has 
yet  been  found,  in  the  best  manner  possible.  We  do  not  admit  that 
the  problem  has  been  solved  by  such  methods,  and  consider  that  sericin 
ought  to  be  found  useful. 
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Soap  Recovery. — The  ordinary  method  of  recovering  soap  from  the 
waste  liquors  is  by  precipitation.  Collect  the  liquors  in  a  large  wooden 
bath,  with  steam-heating  coil,  and  raise  the  temperature  to  150°  F. 
Having  prepared  some  milk  of  lime,  pour  it  into  the  bath,  just  suffi- 
cient to  precipitate  all  the  soapy  matters  in  the  form  of  lime  soap. 
Filter  this  material  off,  and  treat  with  hydrochloric  acid  to  produce 
decomposition.  When  subjected  to  heat,  the  mass  of  the  fat  rises  to 
the  surface  and  is  skimmed  off.  Being  very  pure,  this  fat  makes  a 
good  soap  by  the  addition  of  alkali. 

All  the  soap  has  been  recovered,  but  the  sericin  remains  in  the 
liquor.  Theoretically,  it  is  possible  to  effect  the  desired  object  by  com- 
bining evaporation,  condensation,  and  precipitation,  as  might  readily 
be  done,  using  the  lime  as  before,  then  evaporating  to  solidify  the 
sericin,  and  condensing  continuously  to  recover  the  water  for  use  in  the 
baths.  But  the  cost  of  the  operation  would  not  be  repaid  in  any  but 
the  smallest  degree.  If  a  valuable  use  could  be  found  for  sericin  the 
whole  difficulty  would  vanish. 

Silk  -  bleaching  Methods.  —  Four  methods  of  bleaching  silks  are 
practised.  i.  Sulphuring  or  stoving;  2,  treatment  with  peroxide 
of  hydrogen;  3,  treatment  with  alkaline  bisulphides;  4,  neutraliz- 
ing or  tinting.  A  fifth  method  is  sometimes  spoken  of,  which  is 
the  combination  of  sulphuring  and  bleaching  by  peroxide  of  hydro- 
gen. 

Sulphuring.  —  No  operation  in  bleaching  has  changed  so  little 
during  long  centuries  as  sulphuring,  usually  called  stoving.  In  many 
works  the  plant  is  primitive  in  the  extreme.  A  dingy  apartment  of 
four  blank  walls,  and  a  brazier  in  the  corner  upon  which  the  sulphur 
is  burnt,  constitute  the  whole  equipment.  Newer  stoves  are  better 
constructed.  The  apartment  is  divided  horizontally  into  two  by  a 
sheet  of  perforated  iron,  forming  a  false  floor.  Above  this,  on  rods, 
the  silk  skeins  are  hung;  under  it  the  sulphur  stove  is  placed  con- 
taining burning  sulphur.  When  all  the  materials  are  ready,  the 
sulphur  is  fired,  and  the  door  of  the  apartment  sealed.  Generally 
I  lb.  of  sulphur  is  allowed  to  every  25  lb.  of  silk.  The  time  allowed 
for  a  stoving  is  from  four  to  six  hours;  but  if  the  results  are  not  good, 
or  the  silks  insufficiently  white,  the  operation  is  repeated. 

The  theory  upon  which  sulphuring  is  founded  has  not  been  fully 
elucidated.  It  seems  that  the  sulphur  in  its  oxide  form  does  not 
destroy  the  colouring  matter  in  the  silk,  but  combines  with  it  to  form 
a  colourless  matter.     Certainly  the  sulphur  bleach  is  not  permanent; 
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when  washed  with  soap,  or  treated  with  alkalis,  the  silk  returns  to  its 
original  colour. 

Though  still  extensively  practised,  the  sulphuring  method  of  bleach- 
ing has  many  admitted  drawbacks.  Sulphur  dioxide  fumes  are  very 
unpleasant,  and  have  a  suffocating  effect  upon  the  operatives.  The 
corrosive  effect  of  the  dioxide  upon  metals  is  well  known.  But  it  is 
simple  and  handy  and  cheap,  and  serves  the  trade  in  many  ways. 

Treatment  by  Peroxide  of  Hydrogen. — Most  authorities  agree  in 
stating  that  the  most  generally  useful  bleaching  agent  for  silks  and 
other  animal  fibres  is  peroxide  of  hydrogen.  It  is  the  chief  agent  in 
several  bleaching  processes.  The  substance  is  a  clear,  colourless, 
limpid  liquid  made  up  in  various  strengths,  the  strengths  being- 
measured  by  the  amount  of  oxygen  given  off  under  treatment  with 
potassium  permanganate — lo,  20,  25,  &c.,  times  its  own  volume.  The 
strength  which  bleachers  use  is  lo-volume. 

For  treatment  with  peroxide  of  hydrogen  on  the  simplest  plan  the 
silk  should  be  divided  up  into  small  quantities.  To  bleach  10  lb.  of 
silk  a  bath  is  made  up  of  46  gal.  of  water  to  2  gal.  of  peroxide  of 
hydrogen  (lo-volume),  with  a  little  liquor  of  ammonia  or  borax  added. 
In  this  bath  the  silk  is  allowed  to  lie  twelve  hours,  then  turned  over, 
and  let  lie  another  twelve  hours.  At  the  end  of  the  twenty-four  hours 
the  bath  is  heated  up  to  a  temperature  of  120°  F.,  and  kept  at  that  for 
from  two  to  three  hours.  A  good  white  should  be  the  result;  but  if 
insufficiently  bleached,  the  silk  is  subjected  to  another  operation.  As 
may  be  inferred,  the  action  of  the  peroxide  of  hydrogen  is  so  gentle 
that  no  harm  can  come  to  the  fibres. 

Though  originally  devised  for  tusseh  silks,  Koechliit's  method  is  also 
applicable  to  ordinary  silks  which  are  difficult  to  bleach.  Prepare  a 
bath  with  22  gal.  of  water,  22  lb.  caustic  soda,  66  lb.  soap,  11  lb.  cal- 
cined magnesia,  11  gal.  hydrogen  peroxide  (lo-volume),  and  a  little 
ammonia.  Steep  the  silk  in  the  bath  for  a  few  hours  till  the  colour 
appears  satisfactory. 

Combination  of  Sulphuring  and  Peroxide  of  Hydrogen  Treatment. 
— When  the  sulphuring  operation  has  not  brought  out  a  clear  white, 
or  if  a  permanent  bleach  is  specially  desired,  it  is  well  to  combine  the 
peroxide  of  hydrogen  treatment  with  it.  After  sulphuring  in  the  usual 
manner,  put  the  silk  into  a  bath  made  up  of  7  gal.  of  water,  i|  gal. 
peroxide  of  hydrogen,  and  ih,  lb.  silicate  of  soda  for  a  few  hours.  Any 
sulphurous  acid  left  in  the  silks  is  changed  into  sulphuric  acid.  After 
the  bath  the  silks  are  washed  to  clear  away  the  sulphuric  acid  left. 
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Tinting". — One  of  the  very  remarkable  facts  in  connection  with  all 
forms  of  textile  finishing  is  the  singular  effectiveness  of  the  methods 
practised  by  the  mothers  of  our  race  from  a  length  of  time  uncounted. 
These  methods  are  being  more  and  more  consulted,  with  gains  corre- 
sponding. The  washing  blue,  familiar  to  all  housewives,  is  utilized  in 
what  has  been  called  the  "tinting"  process.  The  operation  consists  in 
nothing  more  than  immersing  the  bleached  or  boiled-off  silks  in  a  bath 
of  water  containing  some  form  of  washing  blue.  Excess  of  blue  gives 
a  cold  appearance  to  the  white  of  the  silk,  and  a  further  excess  gives 
a  distinctly  bluish  tint.  A  few  experiments,  however,  ought  to  enable 
the  bleacher  to  judge  correctly  the  strength  of  the  blue  he  uses. 

Treatment  with  Alkaline  Bisulphites. — A  recently  invented  process 
of  bleaching  is  by  the  use  of  alkaline  bisulphites.  First  a  liquor  is 
prepared  in  the  following  manner.  Having  a  large  tank  capable  of 
holding  no  gal.,  run  into  it  66  gal.  bisulphite  of  soda  of  about  75°  to 
80"  Twaddell,  with  a  sufficient  quantity  of  zinc  powder.  Stirring  for 
one  hour,  allow  it  to  settle  for  twelve  hours.  Hydrosulphite  of  soda 
and  sulphites  of  soda  and  zinc  are  formed  by  the  action  of  the  zinc. 
The  sodium  sulphites  and  zinc  solidify  in  crystals  which  are  separated 
from  the  liquor,  which  is  then  placed  in  an  air-tight  vessel  to  prevent 
oxidation. 

Mix  in  proportions  of  i  volume  of  water  to  i  volume  of  liquor  in  a 
bleaching  bath.  Having  been  already  boiled  off,  the  silks  are  placed 
in  the  bleach  and  let  lie  for  the  space  of  six  hours.  Alkaline  substances 
are  injurious  to  silks  if  allowed  to  remain  upon  them  too  long;  for  that 
reason  the  bath  must  not  be  too  prolonged,  and  as  soon  as  sufficiently 
bleached  the  silks  must  be  removed  and  rinsed  through  clean  water. 

Then  prepare  a  bath  of  weak  hydrochloric  acid,  and  lay  the  goods 
in  it  for  a  short  time.  Wash  again  in  water,  and  inspect.  If  the  white 
is  not  clear  enough,  repeat  the  operation. 

Though  the  above  process  is  rather  more  elaborate  than  the  others, 
it  is  really  very  simple,  and  may  be  carried  through  without  much 
trouble.  We  do  not  think  it  is  yet  extensively  practised,  but  bleachers 
who  find  their  usual  methods  failing  to  give  satisfaction  might  be  well 
advised  to  give  it  a  trial. 

Boiling-off  and  Bleaching  Tusseh  and  other  Wild  Silks. — Because 
the  colouring  matter  is  more  intimately  combined  with  the  body  of 
wild-silk  fibres,  a  process  rather  more  searching  than  those  used  for 
cultivated  silks  is  employed.  Moreover,  the  wild  silks,  the  tussehs 
especially,   have  within    them  a  certain  amount   of  calcareous  matter 
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which  must  be  got  rid  of  before  boiling-off  can  be  effected  economically 
and  satisfactorily.  Since  Lister  invented  a  method  of  treating  tussehs 
which  brought  wild  silks  into  textile  service,  many  other  processes  have 
been  devised;  but  the  following  system  contains  the  leading  prin- 
ciples : — 

1.  Hydrochloric  acid  bath. 

2.  Wash. 

3.  Boiling  in  soap. 

4.  Wash. 

5.  Steep  in  hypochlorite  of  ammonia. 

6.  Bath  of  weak  hydrochloric  acid. 

7.  Wash. 

8.  Bleach  with  peroxide  of  hydrogen. 

1.  Hydrochloric  Acid  Treatment. — A  bath  of  this  acid  is  made  up, 
I  part  acid  to  6  of  water,  and  the  goods  treated  in  it  for  about  two 
hours.  Mainly  designed  to  remove  the  lime,  the  bath  has  also  the 
effect  of  taking  away  grease,  dirt,  colouring  matters,  and  other  im- 
purities. 

2.  Waslmig. — The  action  of  the  hydrochloric  acid  is  decomposing; 
to  remove  the  matters  broken  up  and  the  acid,  we  must  wash  in  a 
very  thorough  manner. 

3.  Boiling  in  Soap. — In  boiling-off  tusseh  silks,  we  can  use  a  very 
strong  soap.     Generally  soft  soap  is  used,  and  the  boil  lasts  an  hour. 

4.  Waslmig. — What  soap  is  left  on  the  goods  after  squeezing  from 
the  boil  must  be  washed  away. 

5.  Hypochlorite  of  Ammonia  Bath. — Prepare  a  liquor  by  mixing 
solutions  of  bleaching  powder  and  carbonate  of  ammonia  together, 
leaving  to  settle,  and  then  decanting  the  clear  liquor.  Put  the  liquor 
in  the  bath  along  with  the  silks,  and  leave  to  steep  for  a  time. 

6.  Hydrochloric  Bath. — Make  up  a  bath  of  2°  Twaddell  hydrochloric 
acid  and  water.     In  this  steep  the  goods  for  about  half  an  hour. 

7.  Washing. — Every  trace  of  the  hydrochloric  acid  must  be  taken 
out  of  the  cloth,  for  obvious  reasons. 

8.  Bleaching  with  Peroxide  of  Hydrogen. — Having  made  up  a 
bath  of  peroxide  of  hydrogen  the  same  as  for  bleaching  cultivated 
silks,  the  goods  are  laid  in  it  for  a  space  of  twenty-four  hours.  If  the 
bleach  has  been  thorough,  we  can  wash  and  dry;  but  if  a  better 
white  is  desired,  another  bath  of  peroxide  of  hydrogen  may  be  given. 

A  Simpler  Process. — For  many  purposes  a  simpler  process  is 
quite   sufficient.      This   method    has   been   recommended:    i,   Boil   in 
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clean  water  for  an  hour,  and  wring  almost  dry;  2,  boil  the  goods 
in  30-per-cent  soap,  or  lo-per-cent  soda  crystals,  for  half  to  one 
hour;  3,  wash  again  in  warm  water;  4,  steep  in  bleaching  bath 
containing  40  gal.  of  water  to  2  gal.  of  hydrogen  peroxide,  and  a 
little  ammonia,  for  ten  to  twelve  hours;  5,  wash  well  and  dry. 

Another  method  is  the  one  already  given  for  cultivated  silks, 
involving  the  employment  of  caustic  soda  and  calcined  magnesia, 
recommended    by    Koechlin.      We    believe  also  that  the  combination 


Fig.  546. — Scouring  Machine 

of  sulphuring  with  the  peroxide  of  hydrogen  bleach  was  originally 
invented  for  tussehs. 

Bleaching  Wool  Cloths. — Because  we  are  considering  wool  bleach- 
ing as  a  finishing  process,  we  make  no  note  of  the  operation  which 
is  employed  in  bleaching  the  fibres,  the  subject  having  been  already 
fully  treated  in  the  earlier  sections  of  this  work. 

Wool-cloth  bleaching  practically  consists  of  two  separate  opera- 
tions, viz.  scouring  and  bleaching,  though  a  considerable  range  of 
variation  occurs  on  these. 

Scouring. — The  cloths  are  sewn  end  to  end,  and  run  through  a 
bath  of  soap  and  soda  till  all  the  dressing  paste,  dirt,  oil,  and  other 
impurities  have  been  removed.  The  machine  is  simply  a  bath  with 
a  pair  of  squeezing  rollers  fixed  on  the  head.  Warm  water  should 
be  used,   but  not  above  110°  F.  in  temperature. 
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If  the  cloths  are  heavy,  and  likely  to  be  injured  by  creasing,  the 
machine  rollers  are  made  wide  enough  to  take  on  the  whole  width, 
and  geared  so  as  to  send  the  cloths  round  and  round,  instead  of  in 
a  spiral  manner  (fig.  546).  When  taken  out  of  the  scouring  bath 
the  cloths  are  rinsed  well  through  clean  water  and  squeezed  dry,  or 
given  a  turn  in  the  centrifugal  extractors. 

Bleaching.  —  Three  methods  of  bleaching  wool  have  been  in 
common  use  for  a  considerable  time.  First,  there  is  the  oldest  method 
by  stoving  with  sulphur;  second,  by  a  solution  of  sulphurous  acid; 
third,  by  sodium  peroxide.  By  general  consent  it  is  admitted  that 
by  neither  sulphur  fumes  nor  sulphurous  liquid  can  a  genuine  bleach 
be  obtained;  but  the  application  of  sodium  peroxide  has  brought 
an  effective  agent  into  the  hands  of  wool  bleachers.  Lately,  it  has 
been  found  that  the  permanganates  and  the  perborates  act  as  sub- 
stitutes for  the  peroxide,  and  cost  less. 

Stoving. — Sulphuring  rooms  have  not  been  hitherto  regarded  as 
important  structures,  but  of  late  some  attention  has  been  paid  them. 
A  properly  built  sulphuring  stove  is  fitted  with  a  false  and  perforated 
flooring,  a  foot  or  so  from  the  ordinary  floor,  and  a  regular  set  of 
rollers,  controlled  by  pulleys,  near  the  roof.  Over  the  rollers  the 
cloth  is  drawn  in  regular  folds,  descending  almost  to  the  false  floor, 
under  which  the  sulphur  is  consumed.  Setting  the  sulphur  going 
by  thrusting  a  red-hot  iron  into  it,  the  stoveman  closes  the  doors  and 
leaves  the  fumes  to  do  their  work  for  the  space  of  a  day  and  a  night. 

After  the  sulphur  has  spent,  or  the  cloths  have  been  bleached, 
the  stoves  are  opened,  and  the  cloths  taken  out  and  washed.  When 
dried,  the  bleaching  has  been  accomplished  on  that  method.  As 
we  have  more  than  hinted,  it  most  likely  is  not  satisfactory,  but  the 
bleacher  has  done  his  best  with  the  material  and  method  provided. 

Liquid  Sulphuring. — A  much  handier  method  of  bleaching  is  by 
the  bath;  but  the  preparation  of  a  sulphurous  liquid  is  considered 
rather  troublesome  and  costly.  A  very  simple  way  of  making  the 
liquid  has  been  invented,  however.  Introduce  a  mixture  of  sulphate 
of  iron  and  sublimed  sulphur  into  an  earthenware  retort,  and  apply 
a  low  red  heat.  The  sulphurous  acid  disengaged  is  passed  through 
a  vessel  containing  some  porous  matter,  such  as  moss,  to  retain  the 
impurities,  and  then  transmitted  through  a  series  of  bottles  containing 
water,  where  it  is  dissolved  to  the  extent  of  40  volumes  of  gas  to 
I  volume  of  water.  The  liquor  thus  prepared  is  put  into  a  bath, 
and  the  cloth  steeped  in  it,  producing  the  same  effect  as  the  stoving, 
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though  better  under  control.  In  both  stoving  and  bathing,  repeated 
appHcations  are  resorted  to  when  one  operation  has  failed  to  give 
the  proper  bleach. 

Bleaching  with  Sodium  Peroxide. — This  is  the  costliest  but  most 
effective  wool-bleaching  process.  Some  care  must  be  exercised  in 
working,  and  all  contact  with  metallic  substances  avoided.  Every 
utensil  used  should  be  of  wood,  the  bath,  of  course,  being  of  that 
material.  The  liquor  is  prepared  first.  For  every  100  lb.  of  wool 
take  7  lb.  peroxide  of  sodium,  3  lb.  phosphate  of  ammonia,  and  8  lb. 
sulphuric  acid  to  100  gal.  of  water.  The  water  should  be  free  from 
all  trace  of  iron.  Adding  first  the  sulphuric  acid  to  the  water,  we 
stir  in  the  phosphate  of  ammonia  and  the  peroxide  by  slow  degrees. 
The  ammonia  is  designed  to  give  an  alkaline  reaction,  which  must 
be  maintained  throughout  the  whole  process.  If  the  ammonia  gives 
signs  of  exhaustion,  more  is  added.  Testing  with  litmus  paper  is 
advisable  at  intervals.  After  the  whole  of  the  ingredients  have  been 
mixed  in,  the  bath  is  allowed  to  stand  for  twenty  minutes,  and  the 
scum  which  rises  to  the  surface  taken  off  with  a  wooden  spatula. 
After  skimming  well,  put  the  wool  in  the  bath,  and  raise  the  tempera- 
ture to  about  120°  F.  This  temperature  requires  to  be  maintained 
all  through.  Treatment  lasts  twenty-four  hours.  During  that  time 
the  goods  should  be  frequently  turned  over,  those  at  the  bottom  being 
lifted  up  to  the  top.  At  the  end  of  the  twenty-four  hours  lift  the 
goods  from  the  bath  and  squeeze  firmly,  draining  into  the  bath. 
Then  wash  the  goods  thoroughly  in  clean  water,  and  dry. 

Peroxide  of  hydrogen  is  also  used  in  the  same  way,  and  it  is  a 
cheaper  agent.  But  when  quality  of  bleach  is  demanded,  and  the 
goods  will  repay  the  cost,  sodium  peroxide  is  by  far  the  most  suitable. 
A  perfect  and  permanent  white  is  thus  attained. 

Yarn  Bleaching. — Wool  yarns  are  frequently  bleached,  and  when 
under  treatment  some  method  must  be  found  of  preventing  the  threads 
from  entangling.  One  of  the  best  instruments  for  the  purpose  is 
the  yarn-stretching  machine.  This  may  be  either  of  wood  or  metal, 
and  consists  of  a  double  row  of  spindles  fixed  on  a  pair  of  long 
screws,  one  range  of  spindles  being  fixed  at  one  end,  and  the  other 
row  placed  at  the  point  to  which  the  hanks  will  stretch.  Having 
hung  the  hanks  on  the  spindles,  we  screw  out  the  movable  row  till 
tight.  Fixing  the  screws,  we  place  the  stretcher  carrying  the  yarn 
in  the  bath,  and  bleach  as  above.  The  stretching  not  only  prevents 
the  yarns  from  entangling,  but  it  also  adds  a  lustre  to  the  yarns. 
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CHAPTER    IV 
Mercerizing 

Mercerizing.  —  The  conscious  application  of  chemical  science  to 
textile  purposes  is  a  late  growth,  but  one  which  is  certain  to  spread 
and  increase  in  importance.  Employment  of  matters  containing  agents 
we  denominate  chemical  is  a  very  ancient  practice;  it  is  the  identi- 
fication of  these  agents  and  the  discovery  of  their  modes  of  action 
which  is  new  and  full  of  promise.  Mercerizing  is,  in  this  respect, 
typical  of  the  newer  forms  of  industry,  originating  in  the  chemical 
laboratory,  and  constantly  deriving  fresh  impulse  therefrom. 

John  Mercer. — The  discoverer  of  the  mercerizing  process  was 
John  Mercer.  Born  on  February  21,  1791,  at  Dean,  in  the  parish  of 
Great  Harwood,  near  Blackburn,  he  lost  his  father  by  death  in  1800, 
and  went  to  work  as  a  winder  in  a  mill,  at  the  age  of  nine,  to  help 
towards  his  maintenance.  Thus  deprived  of  school  education,  young 
Mercer  placed  himself  under  the  tuition  of  a  friend  named  Blenkin- 
sop,  a  designer  in  Openshaw  Print  Works,  who  taught  him  reading, 
writing,  and  arithmetic  systematically,  and  quickly  discovered  in  his 
pupil  a  singular  aptitude  for  figures.  Owing  doubtless  to  the  influence 
of  his  kind  teacher,  Mercer's  youthful  ambition  was  to  be  a  dyer.  When 
about  sixteen  years  old,  and  earning  his  living  as  a  weaver,  he  ven- 
tured upon  practical  experiment  in  the  direction  of  his  hopes,  spent  all 
his  scant  savings  on  dyes  at  a  chemist's  in  Blackburn,  and  tried  his 
hand  at  dyeing.  Shortly  afterwards,  in  conjunction  with  a  partner,  he 
began  business  as  a  dyer,  undertaking  to  dye  the  remnants  which  were 
then  the  perquisites  of  the  hand-loom  weavers  of  the  neighbourhood. 

The  ability  of  the  young  dyer  attracted  the  attention  of  Messrs. 
Fort,  of  the  Openshaw  Print  Works,  who,  in  1809,  offered  to  take 
him  in  as  an  apprentice  to  the  printing  trade.  As  this  brought  him 
into  the  direct  line  of  his  ambition,  young  Mercer  accepted  the  offer; 
but  within  a  year  the  indenture  was  cancelled,  owing  to  trade  de- 
pression, and  Mercer  returned  to  his  loom. 

In  1813,  Mercer  once  again  embarked  in  business  on  his  own 
account,  producing  and  dyeing  his  own  cloth,  and  dyeing  in  a  small 
way  for  others.  While  working  in  this  way,  the  young  dyer  came 
across  Parkinson's  Chemical  Pocket  Book,  and  saw  that  some  of  the 
facts  noted  therein  had  important  bearings  on  the  dyeing  trade. 
Acting  upon  the  hint,  he  began  investigations  into  the  chemistry  of 
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dyeing.  Within  four  years  he  had  made  several  discoveries,  in  181 7 
producing  an  orange  by  padding  with  a  solution  of  antimony  sulphide 
in  sodium  sulphide,  followed  by  a  passage  through  weak  sulphuric 
acid — a  great  advance  upon  the  old  method  of  making  orange  by 
mixing  quercitron  and  madder. 

Messrs.  Fort  immediately  offered  him  the  position  of  experimental 
chemist  in  Openshaw  Print  Works,  at  a  wage  of  t,os.  per  week.  He 
accepted  the  position,  though  the  remuneration  seems  to  us  strangely 
small.  But  Mercer  at  no  time  attached  much  importance  to  pecuniary 
gain;  with  the  temper  of  the  true  genius,  he  was  more  concerned 
about  opportunities  for  pursuing  his  bent  and  doing  work  than  about 
money  rewards.  For  twenty  years  he  made  discoveries  and  improved 
on  previous  processes  in  the  dyeing  and  printing  trades  without  taking 
out  a  patent.  Recognizing  his  service  to  the  firm,  Messrs.  Fort  made 
him  a  partner  in  1825,  and  such  was  his  humility  that  a  reward  which 
has  been  the  end  of  many  a  man's  industry  only  stimulated  him  to 
greater  efforts.  For  the  remainder  of  his  life  Mercer  was  constantly 
bringing  out  something  useful  to  the  textile  colouring  trades.  In 
1839  he  took  out  his  first  patent,  having  discovered  an  arseniate  of 
soda  which  would  serve  as  a  substitute  for  cow  dung  in  the  fixing 
of  mordants.  Six  years  later  he  patented  a  process  of  making  stan- 
nate  of  soda  in  a  solid  form,  at  less  cost  than  by  the  process  then 
in  use,  conferring  thereby  a  great  boon  on  printers. 

During  those  years  Mr.  Mercer  was  constantly  enquiring  into  the 
effects  of  alkalis  on  vegetable  fibres,  and  in  1844  observed  that  cotton 
immersed  in  a  solution  of  caustic  soda  changed  remarkably.  Follow- 
ing up  the  clue,  and  incidentally  finding  explanations  of  occurrences 
formerly  mysterious,  he  finally  formulated  the  process  now  known 
as  mercerizing,  taking  out  a  patent  in  the  year  1850,  It  must  be 
remembered  that  the  "new  properties"  imparted  to  vegetable  fibre 
by  the  caustic  alkalis  and  other  chemicals  as  claimed  in  Mercer's 
patent  consisted  in  {a)  the  shrinkage  and  consequent  strengthening 
of  the  fibre,  and  iJj)  its  improved  capacity  of  taking  colouring  matter. 
This  was  all  that  was  claimed  in  the  patent,  but  Mercer  himself  took 
advantage  of  the  shrinkage  of  the  fibre  to  produce  the  crepon  or 
crimped  effect,  and  showed  examples  of  this  style  at  the  Exhibition 
of  1851.  As  regards  the  lustring  effect,  which  is  now  the  principal 
object  of  mercerizing,  it  was  discovered  long  after  his  death,  although 
of  course  the  principle  is  based  upon  his  discovery  of  the  effect  of 
caustic  alkali  on  the  vegetable  fibre. 
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Mercer's  Specification. — Worthy  of  note  as  the  expression  of  a 
mind  at  once  penetrating  and  simple,  the  specification  in  which 
Mercer  stated  his  claim  for  a  patent  is  valuable  as  an  introduction 
to  the  principles  of  the  process.  The  body  of  the  specification  runs 
thus: — 

**  My  invention  consists  in  subjecting  vegetable  fabrics  and  fibrous 
materials,  cotton,  flax,  &c.,  either  in  the  raw  or  manufactured  state, 
to  the  action  of  caustic  soda  or  caustic  potash,  dilute  sulphuric  acid, 
or  chloride  of  zinc,  of  a  strength  and  temperature  sufficient  to  produce 
the  new  effects,  and  to  give  the  new  properties  to  them  which  I  have 
hereafter  described. 

"The  mode  I  adopt  of  carrying  into  operation  my  invention  to 
cloth  made  wholly  or  partially  from  any  vegetable  fibres,  and  bleached, 
is  as  follows:  I  pass  the  cloth  through  a  padding  machine  charged 
with  caustic  soda  or  caustic  potash  at  60°  or  70°  Twaddell's  hydrometer, 
at  the  common  temperature,  at,  say,  60°  F.,  or  under,  and  without 
drying  the  cloth  wash  it  in  water,  then  pass  through  dilute  sulphuric 
acid,  and  wash  again ;  or  I  run  the  cloth  over  and  under  a  series  of 
rollers  in  a  cistern  with  caustic  soda  or  caustic  potash  at  from  40°  to 
50°  of  Twaddell's  hydrometer,  at  the  common  temperature  of  the 
atmosphere,  the  last  two  rollers  being  set  so  as  to  squeeze  the  excess 
of  soda  or  potash  back  into  the  cisterns  charged  at  the  commence- 
ment of  the  operation  with  water  only,  so  that  at  the  last  cistern  the 
alkali  has  nearly  all  been  washed  out  of  the  cloth ;  when  the  cloth 
has  either  gone  through  the  padding  machine  or  through  the  cisterns 
above  described,  I  wash  the  cloth  in  water,  pass  it  through  dilute 
sulphuric  acid,  and  wash  again  in  water. 

"When  I  adapt  the  invention  to  grey  or  unbleached  cloth,  made 
from  the  fibrous  material  before  mentioned,  I  first  boil  or  steep  the 
cloth  in  water,  so  as  to  have  it  thoroughly  wet,  and  remove  most  of 
the  water  by  the  squeezers  or  hydro-extracter,  and  then  pass  the  cloth 
through  the  soda  or  potash  solution,  &c.,  and  proceed  as  above 
described. 

"I  apply  my  invention  in  the  same  way  to  warps,  either  bleached 
or  unbleached,  but  after  passing  through  the  cistern  containing  the 
alkali  the  warp  is  either  passed  thrdugh  squeezers,  or  through  a  hole 
in  a  metallic  plate  to  remove  the  alkali,  and  then  passed  on  through 
water  cisterns,  soured  and  washed  as  above  described. 

"When  thread  or  hank  yarn  is  operated  on,  I  immerse  the  thread 
or  yarns  in  the  alkali  and  then  wring  them  out,  as  is  usually  done 
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in  sizing  or  dyeing  them,  and  afterwards  wash,    sour,  and  wash   in 
water  as  above  described. 

"When  the  cloth  made  from  vegetable  fibre,  cotton,  flax,  &c., 
has  been  subjected  to  the  action  of  caustic  soda  or  potash,  as  above 
described,  by  padding,  immersion,  or  any  other  way,  and  then  freed 
from  the  alkali  by  souring  and  washing  according  to  my  said  in- 
vention, the  cloth  will  be  found  to  have  undergone  certain  changes 
and  alterations,  and  have  acqtiired  certain  new  and  valuable  proper- 
ties; the  most  remarkable  I  here  describe.  It  will  have  shrunk  in 
its  length  and  breadth,  or  have  become  less  in  its  external  dimen- 
sions, but  thicker  and  closer,  so  that  by  the  chemical  action  of  caustic 
soda  or  potash  I  produce  on  cotton  and  other  vegetable  fabrics  and 
fibres  effects  somewhat  analogous  to  that  which  is  produced  on  woollens 
by  the  process  of  fulling.  It  will  have  acquired  greater  strength  and 
firmness,  each  fibre  requiring  greater  force  to  break  it.  It  will  also 
have  become  heavier  than  it  was  before  it  was  acted  on  by  the  alkali, 
if  in  both  cases  it  be  weighed  at  the  temperature  of  60°  F.,  or  under. 
It  will  have  acquired  greatly  augmented  and  improved  powers  of 
receiving  colours  in  printing  and  dyeing. 

"The  effects  of  the  application  to  the  vegetable  fibre  of  my 
invention  in  any  of  its  various  stages  before  it  is  manufactured  into 
cloth  will  be  readily  understood  by  reference  to  its  effects  upon  cloths 
composed  of  such  fibres. 

"Secondly,  I  employ  sulphuric  acid  diluted  to  105°  Twaddell's 
hydrometer,  and  the  heat  not  above  50°  F.,  lest  the  animal  fibres 
should  be  injured. 

"I  may  in  conclusion  remark  that  the  description  of  the  apparatus 
or  machinery,  and  the  strength  and  temperature  of  the  soda  or  potash, 
sulphuric  acid  or  chloride  of  zinc  solution,  may  be  varied  to  a  con- 
siderable extent,  and  will  produce  proportionate  effects  without  at  all 
deviating  from  my  invention.  For  instance,  caustic  potash  or  soda 
may  be  used  even  as  low  as  20"  Twaddell's  hydrometer,  and  still 
give  improved  properties  to  cotton,  &c.,  in  receiving  colours  in  print- 
ing and  dyeing,  particularly  if  the  heat  be  low,  for  the  lower  the 
temperature  the  more  effectively  the  soda  or  potash  acts  on  the  fibrous 
material  above  described.  I  do  not,  therefore,  confine  myself  to  any 
particular  strength  or  temperature  of  the  substances  I  employ,  but 
the  particular  strength,  heat,  and  process  here  described  is  what  I 
have  found  the  best,  and  which  I  prefer. 

"And  I  claim  as  of  my  invention  the  subjection  of  cotton,   linen. 
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and  other  vegetable  fibrous  material,  either  in  the  fibre  or  any  stage 
of  its  manufacture,  either  alone  or  mixed  with  silk,  woollen,  or  other 
fibrous  animal  material,  to  the  action  of  caustic  soda  or  caustic  potash, 
dilute  sulphuric  acid,  or  solution  of  chloride  of  zinc,  of  a  temperature 
and  strength  sufficient  to  produce  the  new  effects,  and  give  them  the 
new  properties  above  described,  either  by  padding,  printing,  or  steep- 
ing, immersion,  or  any  other  mode  of  application." 

Having  taken  out  the  patent,  and  established  the  practicability  of 
his  invention,  Mr.  Mercer,  like  the  born  inventor  he  was,  went  on 
to  investigate,  invent,  and  patent  other  things.  The  process  was  not 
largely  practised  because  of  the  high  cost  of  the  chief  materials  re- 
quired. At  the  time  of  Mercer's  patent,  caustic  soda  was  not  even 
an  article  of  commerce.  Mr.  Mercer  died  on  30th  November,  1866, 
and  for  a  time  his  invention  continued  to  be  regarded  as  a  very  in- 
genious but  impracticable  method  of  improving  cotton  fabrics. 

Revival  of  Mercerization. — The  publication  of  Mercer's  patent,  and 
the  comments  thereupon  by  the  European  press,  however,  had  some 
effect  even  at  the  time.  Experts  appreciated  the  value  of  the  dis- 
covery, and  many  of  them  quietly  sought  means  of  bringing  it  to 
commercial  success.  Nothing  was  publicly  done,  however,  till,  in 
1867,  Meyer  Rauschenbach  took  out  a  patent  for  what  was  practi- 
cally Mercer's  specification.  It  was  not  till  Mercer's  biography  was 
published  in  1882  that  interest  really  revived  in  the  process,  and 
activity  in  practical  directions  was  renewed.  After  that  date,  effort 
seems  to  have  become  almost  feverish  in  intensity. 

Depoully's  Patents. — No  practical  result  of  any  note  was  achieved 
till  1883,  when  Messrs.  Garnier  and  Depoully  took  out  a  patent  for 
strengthening  cotton  cloths  by  the  application  of  caustic  soda  lye, 
from  30°  to  36°  Be.  Following  up,  in  the  next  year,  Messrs.  Paul  and 
Charles  Depoully,  in  conjunction  with  the  firm  of  C.  Garnier  & 
Francisque  Voland,  brought  out  a  patent  for  a  process  producing 
crepon  effects.  Although  Mercer  had  applied  his  discovery  to  the 
production  of  these  effects,  his  experiments  had  been  so  completely 
forgotten  that  the  Depoully  patents  were  not  disputed  even  in 
Germany  until  it  was  too  late  to  take  exception. 

Crimping. — The  methods  of  producing  crepon  effects,  or  what  has 
been  called  crimpled  cloth,  are  varied  according  to  the  materials  with 
which  the  effects  are  wrought.  The  simplest  method  is  to  take  a 
cloth  made  up  in  varying  proportions  of  animal  and  vegetable  fibres, 
such   as  silk  and   cotton,   wool   and   cotton,    linen  and   wool,   or   silk 
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and  linen.  The  animal  fibres  are  practically  unaffected  by  the  caustic 
soda  solution  which  causes  the  vegetable  fibres  to  shrink.  Take, 
for  example,  silk  and  cotton ;  the  latter  can  be  made  to  shrink  50  per 
cent  in  a  solution  which  leaves  the  silk  absolutely  unaffected.  Woven 
in  with  the  contracting  threads,  the  silk  threads  must  double  up,  and 
show  undulating  lines.  According  to  the  manner  in  which  the  silk 
has  been  woven  with  the  cotton,  the  pattern  is  produced. 

Another  method  is  the  application  of  the  shrinking  agents  to  cloths 
wholly  composed  of  vegetable  fibres.  In  order  to  produce  the  crimpled 
effect,  those  parts  which  are  to  be  crinkled  must  be  protected  in  some 
way  from  the  shrinking  agent.  This  is  done  by  printing  what  is 
called  a  reserve^  made  up  of  some  gummy  or  resinous  body,  upon 
the  cloths  in  the  design  required.  After  being  printed,  the  cloths 
are  passed  through  the  mercerizing  bath,  and  otherwise  treated,  with 
the  result  that  those  parts  which  have  been  reserved  curl  up,  because 
the  rest  of  the  cloth  has  shrunk. 

The  lye  recommended  is  caustic  soda  at  from  i^''  to  32°  Be.,  and 
through  this  the  goods  are  passed,  then  rinsed  and  neutralized. 

It  is  evident  that  both  methods  may  be  applied  to  union  cloths, 
and  that  the  shrinking  agent  may  be  printed  on  instead  of  the  resist. 
From  these  resources  the  mercerizer  can  obtain  a  wide  variety  of  effects. 

In  1885  Messrs.  Depoully  brought  another  patent,  this  time  ex- 
tending the  application  of  the  process  to  yarns,  laces,  braidings,  and 
trimmings  of  all  kinds. 

Lustring. — In  the  Depoully  process  special  precautions  were  pro- 
fessedly taken  to  prevent  the  goods  from  taking  on  a  shiny  appearance. 
To  the  average  man  acquainted  with  mercerized  cloths  this  will  seem 
strange,  for  the  quality  which  is  now  most  valued  in  mercerizing  is 
the  silky  sheen  which  it  imparts  to  the  goods;  but  the  facts  are  as 
we  have  stated,  and  it  required  another  discoverer,  or  number  of  dis- 
coverers, to  bring  out  this  feature  of  Mercer's  process.  The  man  who 
can  claim  priority  in  finding  out  the  lustring  quality  in  mercerizing 
is  Mr.  H.  A.  Lowe,  a  chemist  of  Manchester,  who  filed  his  claim  for 
a  patent  in   1889. 

Lowe's  First  Patent. — This  first  patent  of  Lowe's  is  little  more  than 
a  mere  repetition,  in  different  words,  of  Mercer's  specification,  though 
it  is  quite  evident  that  Mr.  Lowe  had  wrought  out  the  process  com- 
pletely for  himself.  It  is  in  his  second  effort  that  Lowe  displayed 
originality  and  brought  out  the  lustring  power  of  mercerizing.  We 
quote  from  Mercerization  the  specification  of  1890: — 
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"Lowe's  Second  Patent,  4452,  1890,  —  Materials  composed  of 
cellulose  fibres,  such  as  cotton  and  flax,  receive  a  treatment  which 
gives  them  a  better  appearance  and  finish;  they  are  made  stronger, 
and  acquire  a  greater  power  of  assimilating  dyes. 

'*  The  action  of  strong,  caustic  alkaline  lyes  makes  the  material 
transparent  and  elastic,  but  with  great  shrinking.  This  shrinkage, 
however,  is  prevented  by  keeping  the  goods  stretched  while  the  lye 
is  acting  on  them,  or  by  stretching  it  after  it  leaves  the  lye,  but 
necessarily  before  the  fabric  has  lost  its  temporarily  pliable  condition. 
This  pliable  state  only  occurs  when  the  soda-cellulose  is  broken  up. 
Before  that  point  the  material  is  elastic,  but  not  pliable,  and  shrinks 
again  when  tension  is  removed.  At  that  point  the  elasticity  vanishes, 
and  the  fabric  becomes  pliable.  The  pliability,  however,  is  only  tem- 
porary, and  stretching  is  only  of  avail  while  it  lasts. 

"The  bath  used  is  caustic  soda  of  from  25°  to  75°  Twaddell,  and 
according  to  the  texture  of  the  material  and  the  strength  of  the  lye 
the  action  is  make  to  last  from  one  to  fifteen  minutes.  The  whole 
of  the  caustic  soda  can  be  removed  by  rinsing,  but  the  shrinkage 
remains.  With  regard  to  the  stretching,  it  is  best,  with  hanks  of 
yarn,  to  subject  them  to  it  during  the  whole  treatment,  but  with 
heavy  cloths  and  warp  yarns  it  is  better  to  stretch  during  the  rinsing 
only.  For  ordinary  cloth  and  yarn  in  the  cop,  again,  it  is  best  to 
apply  the  tension  only  after  the  rinsing  is  complete,  but  before  the 
goods  are  '  set '  by  standing  or  hot  drying. 

"The  indispensable  rinsing  operation  is  best  carried  out  with  warm 
water,  and  the  process  conducted  so  as  to  recover  the  lye  in  as  con- 
centrated a  state  as  possible.  This  economy  may  be  secured  by 
spraying,  or,  if  a  bath  is  used,  by  making  the  water  act  more 
thoroughly  by  suction,  or  by  passing  the  goods  between  rollers.  The 
last  traces  of  soda  may  be  removed  by  souring. 

"Woven  materials  or  warps  are  treated  continuously,  passing 
slowly  through  the  lye,  then  through  wringing  rollers,  and  then 
through  the  rinsing  bath,  being  stretched,  during  or  immediately  after 
rinsing,  on  any  machine  at  present  in  use  for  stretching.  Cops  or 
hanks  may  be  treated  in  the  machine  now  used  for  dyeing  cops. 

"The  finished  product  is  stronger  than  the  original  material,  is 
more  hygroscopic,  and  has  a  more  regular,  close  appearance,  and 
a  glossy  look.  For  the  same  quantity  of  dye  it  will  take  a  deeper 
shade,  and  it  will  give  a  depth  and  quality  of  colour  unattainable  in 
it  before  treatment  in  the  case  of  certain  dyes.     The  colours  got  on 
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the  treated  material  are  faster  than  those  got  on  the  untreated  mate- 
rial with  the  use  of  the  same  dyes.  The  stretching  affects  none  of 
these  new  properties,  while  not  only  is  all  loss  of  strength  obviated, 
and  the  thickening  of  the  fibres  reduced,  but  the  fibres  are  even  finer 
than  in  the  fabric  before  treatment.  The  treated  goods  may  be  loaded 
as  usual,  and  may  be  beetled  and  calendered. 

"  The  wash  waters  are  concentrated  by  a  multiple  evaporator  to 
70°  or  80°  Twaddell.  As,  however,  it  is  found  that  it  often  contains 
impurities  dissolved  out  from  the  fibres,  it  may  ultimately  become 
necessary  to  filter  or  chemically  purify  it  before  it  is  used  again." 

Since  1890,  the  date  of  Mr.  Lowe's  lustring  patent,  nearly  200 
patents  have  been  registered  for  special  mercerizing  processes,  mate- 
rials, and  machines. 

Chemical  Theory  of  Mercerization. — To  the  ordinary  practical 
worker  chemical  formulse  are  a  hindrance  rather  than  a  help,  but  as 
mercerizing  is  wholly  founded  upon  certain  chemical  activities,  it  is 
necessary  to  understand  in  a  general  way  the  chemical  theory. 

In  practical  chemistry,  as  in  most  other  practical  operations,  we 
utilize  known  and  unknown  factors  in  combination  to  obtain  a  given 
result;  so  far  as  the  immediate  object  is  concerned,  the  unknown 
factors  matter  little,  though  they  may  turn  out  to  have  a  very  impor- 
tant bearing  on  whatever  process  of  improvement  we  may  attempt. 
In  mercerization  we  work  with  a  substance  called  cellulose  and  certain 
alkalis,  of  which  caustic  soda  is  the  most  representative.  Of  the  exact 
constitution  of  any  cellulose  utilized,  and  the  reasons  why  caustic  soda 
acts  upon  it  in  a  given  manner,  we  are  ignorant,  but  the  fact  is  that  it 
does  so  act,  and  that  is  enough  for  a  working  theory. 

Cellulose. — The  main  constituent  of  vegetable  tissue  is  cellulose, 
a  white  solid  of  specific  gravity  between  1.45  and  1.52.  It  is  one 
of  the  carbohydrates,  composed  of  carbon,  hydrogen,  and  oxygen, 
in  various  proportions,  according  to  the  substance.  As  nearly  as  can 
be  ascertained,  cellulose  may  be  expressed  by  the  formula  CgH^oOg, 
though  the  unknown  constituent  is  rather  an  important  determining 
quality. 

The  purest  form  of  cellulose  in  nature  is  cotton;  when  thoroughly 
bleached,  cotton  is  almost  pure  cellulose.  What  is  known  of  cellulose, 
therefore,  may  safely  be  predicated  of  cotton.  This  gives  the  fibre  a 
special  place  among  the  members  of  its  class. 

Many  interesting  instances  might  be  given  of  the  readiness  with 
which  cotton  responds  to  chemical  treatment,  but  our  present  business 
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is  exclusively  with  the  effect  of  alkaline  lyes,  and  specially  the  lyes 
of  caustic  soda. 

Reverting  to  Mercer's  original  process,  we  find  that  he  subjected 
bleached  cotton  to  a  bath  of  soda  lye,  and  then  rinsed  it  with  water. 
Stated  in  terms  of  chemistry,  we  should  say  that  his  aim  was  to  make 
the  caustic  soda  from  the  lye  enter  into  direct  combination  with  the 
cellulose,  and   by  the  subsequent  rinsing  to  substitute  water  for  the 

alkaline  hydrate  —  in 
other  words,  cause  a 
substitution  of  hydro- 
gen for  the  sodium  of 
the  alkali  cellulose. 

The  actual  effect  of 
the  soda  is  to  convert 
the  fibre  from  a  flat 
ribbon  with  a  large 
central  canal  into  a  cy- 
linder with  thickened 
and  translucent  walls 
and  a  very  small  inter- 
nal cavity.  An  external 
crinkling  of  the  fibre 
is  visible,  giving  it 
almost  the  appearance 
of  woollen  thread. 

To  formulate  a 
chemical  theory  re- 
garding any  set  of  sub- 
stances, we  must  at 
least  know  the  effects  of 
these  substances  upon 
each  other,  and  the  conditions  under  which  given  effects  will  invariably 
be  produced.  Mercer's  theory  perfectly  fulfils  all  those  requirements. 
Here  we  have  the  substances  cellulose,  or  bleached  cotton,  and  caustic 
soda  placed  under  certain  conditions,  and  always,  by  combination,  pro- 
ducing the  effects  stated.  Other  substances  produce  similar  effects, 
most  notably  caustic  potash,  zinc  chloride,  and  oil  of  vitriol,  all  of 
which  may  be  utilized  in  various  ways  by  the  mercerizer. 

Effects  of  Mercerizing. — Shrinkage  and  transparency  are  the  direct 
effects  of  chemical   application.      Lustre  is  a  consequence  of  tension 


Fig.  547. — Scales  for  Testing  Effects  of  Mercerization 

A  pre-determined  weight  A  is  placed  in  the  scale  b.  The  strand  to  be  tested 
is  hung  on  the  hook  c  attached  by  means  of  adjustable  screws  D  to  a  frame- 
work carried  on  a  knife-edge  at  E.  The  other  end  of  the  strand  is  attached 
by  a  screw-plug  F  to  the  string  rod  G,  and  immersed  in  the  cylinder  H,  which 
passes  through  the  plate  i  and  rests  on  the  support  K.  The  amount  of  shrink- 
age or  stretching  is  read  off  on  the  scale  L. 
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applied  in  certain  ways  to  the  mercerized  fibres.  The  full  effect  of 
what  we  call  mercerizing  is  both  shrinkage  and  lustre.  Another  con- 
sequence of  shrinking  is  the  addition  of  strength  to  the  cloths  or  yarns. 
A  variety  of  tests  have  been  recorded  which  show  typical  results. 

Yarn  Tests. — Dr.  W.  Herbig  made  exhaustive  experiments  with  a 
variety  of  cotton  yarns  to  determine  the  following  questions: — 

1.  Whether  the  strands  acquired  lustre  when   mercerized  loose  or 
with  a  very  little  stretching. 

2.  What   strength   was   necessary   to   stretch   them    back   to   their 
original  length  after  mercerizing. 

3.  Whether  the  same  force,  or  more  or  less,  is  required  to  prevent 
shrinking  as  that  needed  for  stretching  to  the  original  length. 

4.  Whether   stretching   during  washing   does  or  does  not  require 
different  force  from  stretching  during  mercerization. 

5.  What  force  is  necessary  after  washing. 

The  answers  to  these  questions  were  obtained  after  long  and  diverse 
experiments,  and  published  in  the  Dyer  and  Calico  Printer  3iS  follows: — 

"  The  most  important  conclusions  arrived  at  were: — 

"  I.  Loose  yarn  mercerized  without  any  stretching-,  whether  long-  or 
short  stapled,  and  whether  with  or  without  a  hard  twist,  has 
less  lustre  than  unmercerized  yarn ;  but  even  with  a  very  slight 
tension  the  lustre  is  greater. 

"  2.  Both  with  long-  and  short-stapled  cotton,  the  lustre  only  becomes 
marked  when  the  stretching  force  is  enough  to  bring  the  yarn 
back  to  nearly  its  original  length. 

**  3.  Stretching-  beyond  the  original  length  does  not  give  any  increase  of 
lustre. 

"4.  A  sharp  difference  is  observable  in  the  stretching  force  needed 
between  loose  mercerization  followed  by  stretching  in  the  lye, 
and  keeping  the  cotton  to  its  original  length  during  merceriza- 
tion, as  in  the  latter  case  only  one-third  to  one-quarter  of  the 
force  is  necessary  to  produce  the  silky  lustre. 

"  5.  The  stretching-  of  the  strands  only  requires  a  very  small  force  when 
we  mercerize  loose  and  stretch  while  the  rinsing  is  actually  in 
progress,  as  the  best  stretching  time  is  during  the  conversion 
of  the  soda-cellulose  into  hydro-cellulose. 

"6.  If  the  rinsing  is  over,  twice  as  much  force  is  needed  to  restore 
the  original  length  as  is  wanted  for  yarns  still  in  contact  with 
the  lye,  and  yarns  so  treated  contract  after  drying  and  have 
a  decidedly  inferior  lustre. 

*'  7.  The  force  needed  for  stretching  mercerized  yarn  depends  on  the 
twist,  and  is  on  the  whole  greater  in  proportion  as  the  twist 
is  harder. 
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"8.  The  production  of  silky  lustre  does  not  depend  on  the  magnitude 
of  the  stretching-  force,  as  yarn  with  a  soft  twist  can  be  lustred. 

"  9.  The  production  of  silky  lustre  is  independent  of  the  cotton  being 
long  or  short  stapled,  for  the  short-stapled  American  cotton,  even 
with  a  loose  twist,  can  be  given  a  silky  lustre. 

"  10.  The  production  of  much  silky  lustre  depends  certainly  merely  on 
the  fineness  of  the  fibre  and  the  natural  lustre.  Such  is  apparent 
in  Sea-island  and  Egyptian  cottons,  for  the  finer  a  fibre  the  larger 
is  the  number  of  windings,  the  closer  the  fibres  lie  together  in 
the  thread,  and  the  greater  is  the  resilience  of  the  yarn,  and 
the  greater,  too,  must  also  be  the  force  required  to  stretch  the 
mercerized  goods." 

Tests  on  Gain  of  Strengfth. — In  order  to  test  the  strengthening: 
effect  of  mercerizing  upon  cotton  fibres  several  methods  of  preparing 
and  trying  have  been  adopted.  A  noted  experimenter  took  some  hairs 
of  New  Orleans  cotton  and  treated  them  with  caustic  soda  of  30° 
Twaddell,  with  a  view  to  ascertaining  the  contraction  and  strength  of 
mercerized  fibres.  The  average  length  of  the  fibres  before  mercerizing 
was  0.996  in.,  and  the  average  breaking  strength  was  138.  i.  After 
treatment  it  was  found  that  the  fibres  had  shrunk  by  nearly  15  per 
cent,  and  gave  a  breaking  strength  of  about  12  per  cent  greater  than 
before  treatment. 

Yarns  have  also  been  tested  in  the  same  manner,  and  under  several 
conditions.     We  quote  from  the  same  authority  as  above. 

"  Yarn  unmercerized  broke  with  a  load  of  356-360  gm. 

"Same  yarn  mercerized  with  cold  aqueous  caustic  soda  lye  of  35°^ 
Be.  broke  with  a  load  of  530-570  gm. 

"Same  yarn  mercerized  with  cold  alcoholic  caustic  soda  lye  (10  per 
cent)  broke  with  a  load  of  600-645  gm. 

"Same,  except  that  the  alcoholic  lye  was  hot,  broke  with  a  load  of 
690-740  gm. 

"A  striking  feature  of  these  results  is  the  considerably  greater 
strength  got  by  mercerizing  with  an  alcoholic  than  with  an  aqueous 
lye,  in  spite  of  the  fact  that  the  non-alcoholic  lye  contained  three  times 
as  much  NaHO  as  the  alcoholic  one." 

Other  experiments  have  shown,  as  might  be  expected,  that  the 
full  strengthening  of  the  fibre  is  only  obtained  when  it  is  allowed  to 
shrink.  More  noteworthy  is  the  fact  that  the  elasticity  of  the  yarn  is 
affected  only  when  the  cotton  is  allovi^ed  to  contract  under  mercer- 
ization ;  if  mercerized  under  tension,  the  elasticity  remains  precisely 
the  same. 
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Shrinkage  of  Cloths. — It  is  perhaps  the  shrinkage  of  cloths  under 
mercerization  which  is  of  most  interest  to  the  general  manufacturer. 
He  naturally  wants  to  know  how  much  he  stands  to  gain  or  lose  by 
the  operation,  and  if  the  higher  price  obtainable  for  the  cloth  is  com- 
mensurate with  the  loss  in  fabric.  We  have  on  record  two  tests  by  a 
skilled  analyst  which  give  reliable  data. 

1.  A  square  of  calico  measuring  4  in.  each  way  was  subjected,  first, 
to  a  lye  of  caustic  soda  of  1.134  sp.  gr.,  which  forms  the  soda  cellulose 
but  does  not  afford  much  shrinkage;  second,  rinsing  and  drying  it,  gave 
it  a  lye  of  about  the  ordinary  strength  for  mercerizing,  viz.  1.342  sp.  gr. 
Then,  on  leaving  the  bath,  the  calico  was  washed  with  hot  alcohol  of 
sp.  gr.  0.825.  The  square  measured  when  dry  3.3  by  3.3  in.,  which  is 
a  contraction  of  lyh  per  cent  in  length  and  breadth  and  of  32  per  cent  in 
area. 

2.  Taking  a  square  of  calico  3  in.  square,  the  experimenter  im- 
mersed it  for  thirty  minutes  in  concentrated  caustic  potash  lye  at  the 
ordinary  temperature,  then  washed  with  hot  alcohol.  The  shrinkage 
in  this  case  amounted  to  10  per  cent  in  length  and  width  and  19  per 
cent  in  area. 

From  these  two  tests  it  would  appear  that  very  strong  potash  lye 
produced  much  less  shrinkage  than  the  weaker  caustic  soda. 

Practical  Mercerizing. — From  the  theories  stated,  it  must  be  evident 
that  mercerizing  is  simply  a  kind  of  bleaching  process,  or  an  addition 
to  the  latter.  A  certain  latitude  is  allowable  in  practice,  but  the 
operations  usually  are:  i.  Bleaching;  2,  treatment  in  the  lye  bath, 
with  or  without  stretching;  3,  rinsing  or  washing;  4,  souring;  5, 
washing  and  drying. 

I.  Bleaching. — Under  the  idea  that  bleaching  tends  to  impoverish 
the  cloth,  some  manufacturers  have  tried  mercerizing  before  bleaching; 
others  try  to  combine  the  two;  but  the  results  have  demonstrated  the 
superiority  of  the  common  practice.  In  Chapter  III  we  have  examined 
the  leading  operation  of  bleaching  in  detail,  and  nothing  more  is 
necessary  here  than  to  make  a  few  notes  of  special  interest  to  the 
mercerizer. 

Gassing  is  an  indispensable  operation  in  all  forms  of  bleaching, 
but  it  has  a  special  significance  for  the  mercerizer.  When  this  opera- 
tion is  omitted,  the  filaments,  which  should  have  been  removed,  felt 
under  the  influence  of  the  soda  lye,  and  dull  the  lustre  of  the  cloth 
in  a  very  annoying  way. 

Some  bleachers  scour  with  open  kiers,  and  get  good  results.     For 
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bleaching-  in  preparation  for  mercerizing,  this  is  almost  prohibited. 
The  scouring  should  be  done  in  closed  circulating  kiers,  in  weak 
lye  of  from  i°  to  2°  Be.,  and  all  soaps  and  fatty  matters  excluded. 
Three  fresh  lyes,  alternated  with  rinsing  in  lukewarm  water,  give  the 
best  effects  in  scouring.  The  last  rinsing  should  be  thorough,  because 
the  next  operation  is  chlorinating. 

"The  bleaching",  says  Mr.  F.  Beltzer,  "is  done  in  chlorinating 
vats  with  circulation  with  two  successive  and  alternating  passages  into 
sodium  hypochlorite  of  f°  Be.  and  sulphuric  acid  of  1°  Be.,  the  last 
passage  being  through  acid  till  a  good  white  is  got.  A  thorough 
rinsing  in  the  machine,  with  soft  and  clear  water,  followed  by  a  good 
centrifuging,  finishes  the  preliminary  operations." 

2.  Mercerizing. — There  are  a  good  many  agents  capable  of  changing 
cellulose  into  hydro-cellulose,  and  numerous  experiments  have  been 
made  to  find  a  better  agent  than  caustic  soda.  Caustic  potash  is 
admittedly  superior,  but  the  added  cost  is  greater  than  the  advantage 
warrants.  Caustic  soda  of  a  strength  of  from  50°  to  65°  Twaddell  is 
generally  used  by  practical  men.  Conditions  vary,  however,  and  a 
greater  or  less  strength  may  be  advisable  if  success  cannot  be  otherwise 
attained.  If  any  size  has  been  left  on  the  fibre,  a  stronger  lye  is  im- 
peratively required,  because  a  proportion  of  the  caustic  soda  is  taken 
up  with  decomposing  the  size. 

At  first  sight  it  seems  a  very  simple  matter  to  adjust  the  temperature 
of  the  lye  bath.  Mercer  showed  that  an  ordinary  temperature  between 
50  and  60  degrees  answered  very  well  with  lyes  of  moderate  strength. 
But  there  are  other  factors  worth  considering,  and  indeed  compelling 
consideration. 

If,  for  example,  we  lower  the  temperature  of  the  lye  to  freezing 
point,  we  can  use  a  very  weak  lye  with  the  certainty  of  getting  good 
results;  a  lye  of  15°  Twaddell  will  serve  the  same  purpose  as  a  lye  of 
50°  Twaddell  strength.  To  obtain  such  a  temperature  it  is  necessary 
to  employ  refrigerating  plant.  The  question,  therefore,  seems  to  be 
whether  the  saving  in  caustic  soda  will  be  equal  to  the  upkeep  of  a 
refrigerating  plant. 

That  question  might  be  easily  answered  if  it  stood  alone;  but  it  is 
possible  that  other  factors  may  also  enter.  It  is  well  known  that  the 
intense  activity  of  the  caustic  soda  generates  heat  when  size  is  present. 
Therefore  a  refrigerating  plant  may  be  necessary  in  any  case.  Soda 
which  heats  gives  a  very  inferior  lustre,  and  some  means  of  keeping  it 
cool  is  essential. 
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With  bleached  cotton  a  simple  water  jacket  will  be  quite  sufficient 
to  keep  the  lye  at  a  regular  and  low  temperature.  But  if  we  are  mer- 
cerizing unbleached  or  imperfectly  bleached  cotton  from  which  the  size 
has  not  been  completely  extracted,  a  refrigerating  plant  is  almost  a 
necessity.  Of  course,  as  has  already  been  indicated,  if  the  amount  of 
soda  is  increased  to  meet  the  demands  of  the  heating  caused  by  the 
size,  refrigerating  is  rendered  unnecessary,  though  at  a  high  cost  for 
caustic  soda.  The  problem  has  been,  in  a  large  measure,  solved  by 
removing  the  size  by  malting  or  the  use  of  diastafor. 

3.  Rinsing  or  Washing. — Impregnated  with  caustic  soda,  the  cotton, 
whether  yarn  or  fabric,  requires  to  be  thoroughly  cleansed  from  every 
trace  of  the  chemical.  Where  the  supply  of  water  is  plentiful,  rinsing 
presents  no  difficulty,  though  different  methods  and  machines  may  be 
employed  in  the  operation.  The  simplest  method  is  to  use  a  circulat- 
ing cistern,  with  the  inflow  of  water  at  the  one  end  and  the  outflow 
of  soda  and  water  at  the  other,  the  cloths  or  yarns  circulating  from  the 
outflow  end  of  the  tank  round  to  the  inflow  end,  and  always  at  every 
lift  being  passed  through  squeezing  rollers  above  the  cistern. 

Another  method  is  by  a  series  of  powerful  sprays  directed  on  the 
material  as  it  issues  from  the  mercerizing  bath.  This  is  most  prac- 
ticable upon  cloths  which  have  to  undergo  stretching.  Beside  the 
stentering  machine  the  pipes  are  ranged,  so  that  a  continuous  strong 
spray  of  water  may  be  directed  upon  the  stretched  cloth  from  above 
and  below.  The  water  must,  of  course,  pass  clean  through  the  cloth, 
and  if  it  is  thick  and  strong  this  may  be  rather  difficult. 

A  means  of  overcoming  the  objection  to  spraying  is  the  employment 
of  suction  under  the  cloth  while  spraying  on  the  surface. 

4.  Souring. — According  to  Mercer's  original  process,  souring  was 
necessary  as  a  means  of  thoroughly  purging  the  cloth  of  caustic  soda. 
Later  experience,  however,  has  shown  that  souring  may  not  be  required. 
It  may  even  be  wasteful.  The  soda  recovered  by  the  first  plain 
rinsing  is  of  great  use  to  the  bleacher  and  mercerizer;  if  mixed  with 
the  souring  bath  a  process  of  recovery  is  rendered  almost  imperative. 
When  souring  is  adopted,  the  acid  employed  is  1*^  Be.  sulphuric,  and 
at  a  temperature  of  140°  F. 

5.  Washing  and  Drying. — Souring  involves  a  second  washing,  not 
only  to  get  rid  of  the  sulphuric  acid  and  the  caustic  soda  which  may 
be  left,  but  also  to  take  away  any  lime  which  may  have  been  searched 
out  from  the  water  by  the  acid.  This  washing,  however,  is  simple, 
and  calls  for  no  explanation. 
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When  washed,  the  goods  are  passed  into  the  drying  apparatus, 
which  may  be  of  any  form  adopted  in  the  finishing  room. 

Imitating  Silk  Scroop. — The  lustre  and  fineness  of  the  mercerized 
cloth  has  induced  the  notion  that  it  is  imitation  silk.  To  complete  the 
illusion  some  ingenious  manufacturers  have  devised  a  process  by  which 
the  cloth  can  be  given  the  scroop  which  is  popularly  supposed  to  be 
the  essential  mark  of  true  silk — which  it  is  not,  it  may  be  said  paren- 
thetically, the  scroop  being  put  into  silk  by  an  artificial  process. 

Several  acids  are  equally  efficient  in  promoting  the  scroop,  though 
those  to  be  preferred  are  tartaric,  acetic,  boric,  salicylic,  and  benzoic 
acids — a  large  enough  choice  which  might  be  largely  increased.  A 
method  of  producing  the  effect  is  by  the  following  treatment: — 

1.  Treat  with  calcium  acetate  of  5°  to  6°  Be.  for  fifteen  minutes  at 
about  100°  F. 

2.  Without  rinsing  out  the  calcium  acetate,  treat  with  Marseilles 
soap,  40  to  60  per  cent,  for  fifteen  minutes,  at  a  temperature  of  125°  to 
140°  F. 

3.  Mix  acetic  acid  in  9  parts  of  water  and  treat  the  goods. 

4.  Dry  without  rinsing  out  the  acid. 

Machines  and  Methods. — In  these  days  of  high  mechanical  skill 
and  furious  competition,  whenever  a  new  process  in  any  industry  has 
appeared,  inventors  and  machinists  follow  up  with  offers  of  all  kinds 
of  labour-saving  appliances.  The  popularity  of  mercerized  cloths  has 
added  to  the  stress  of  competition,  because  manufacturers  have  been 
naturally  anxious  to  secure  a  share  in  the  trade  thus  brought  into 
existence.  Mercerizing  machines  are  of  three  kinds — those  for  treat- 
ing yarns  in  hanks,  those  for  treating  cloths,  and  those  which  may  be 
adapted  for  either  yarns  or  cloths. 

Hank-mercerizing  Machines. — A  large  choice  of  hank-mercerizing 
machines  is  offered  the  manufacturer.  The  important  features  of  such 
machines  correspond  to  the  main  details  of  the  process,  and  these  are: 
Feeding  the  hanks  in  an  open  condition  so  that  the  lye  may  evenly 
penetrate  the  whole  of  the  yarn;  dipping  the  hanks  into  the  lye  in  a 
condition  either  stretched  or  unstretched,  as  may  be  required;  keeping 
up  the  supply  of  lye,  and  at  a  proper  temperature;  squeezing  and 
delivering  the  hanks  in  the  condition  which  may  be  aimed  at. 

As  it  is  not  our  intention  to  recommend  one  or  other  of  the  many 
machines,  we  only  undertake  to  describe  the  devices  adopted  for  ac- 
complishing these  purposes  in  the  machines  mostly  in  use. 

The  chain  hank-mercerizingf  machine  has  the  succession  of  cisterns 
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on  the  floor  level,  with  turning  chains,  while  the  carriers  and  hank 
tensioners  revolve  round,  above,  and  through  the  cisterns.  A  chain  of 
rods,  one  pair  to  each  hank,  and  capable  of  being  drawn  apart  to  the 
length  required  by  the  size  of  the  hanks  and  the  tension,  is  run  along 
two  parallel  rails  actuated  by  two  pairs  of  sprocket  wheels  which  catch 
into  the  links  of  the  chain.  As  each  hank  is  adjusted  on  the  rods  and 
duly  tensioned,  it  is  slowly  drawn  along  the  rails,  the  points  of  the 
revolving  sprocket  wheels  engaging  with  the  links  in  the  two  chains. 
As  the  points  of  the  sprockets  form  the  extremities  of  radial  bars 
adjustable  to  any  distance  from  the  centres  of  the  wheels,  they  may  be 
set  as  wide  apart  as  may  be  required  for  the  tensioning  of  the  hanks. 
Being  run  through  the  lye  bath,  the  rods  are  turned  round  by  the 
interaction  of  an  endless  chain  upon  light  sprockets  fitted  on  to  the 
rods,  causing  the  hanks  to  turn  round.  The  stretching  of  the  hanks 
takes  place  gradually  as  they  leave  the  sprocket  wheels  in  the  mer- 
cerizing bath,  the  tension  being  maintained  till  the  hanks  have  passed 
through  the  second  washing  cistern  and  are  about  to  leave  the  machine. 
When  it  is  desired  that  the  yarn  should  be  run  off,  metal  chains  equal 
in  length  to  the  hanks  are  substituted.  By  means  of  a  skein  stick  the 
hanks  are  shaken  out  evenly,  the  tension  can  be  accurately  adjusted 
and  gradually  applied,  and  the  liquor  is  made  to  permeate  the  whole  of 
the  yarns. 

A  Circular  Machine. — The  circular  mercerizing  machine  for  nine 
hanks  is  a  compact  and  ingenious  contrivance,  suitable  for  small  quan- 
tities, and  employing  only  one  attendant  (fig.  548).  Cisterns,  squeez- 
ing rolls,  and  washing  tanks  are  ranged  round  on  the  outer  circle, 
within  the  casing,  A  vertical  shaft  in  the  centre  supports  nine  pairs  of 
rollers  on  horizontal  arms,  the  upper  arm  of  each  pair  being  adjust- 
able and  automatically  raised  for  the  application  of  tension.  There 
are  four  caustic  soda  baths,  followed  by  one  squeezer,  then  a  washing 
tank,  hot  or  cold,  and  then  two  rinsing  tanks.  The  vertical  shaft 
makes  a  complete  revolution  in  nine  minutes,  giving  one  minute  to 
each  section.  Putting  the  hank  on  to  the  double  arm  and  rollers 
facing  him,  the  attendant  sets  the  machine  going.  It  carries  the  hank 
on  the  rollers  to  the  right,  and  dips  it  into  the  first  bath  of  caustic 
soda,  keeping  it  revolving  there  for  a  minute.  Again  it  moves,  and 
lifts  the  hank  into  the  second  bath ;  at  the  third  and  fourth  motions 
the  hank  is  bathed  for  one  minute  in  the  soda.  At  the  fifth  move- 
ment the  hank  is  squeezed,  drained  of  superfluous  caustic  soda,  and 
stretched;  at  the  sixth  motion  it  is  scoured  in  a  hot  or  cold  bath;  the 
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seventh  and  eighth  motions  give  the  material  one  minute  each  of 
washing  or  rinsing;  then,  at  the  ninth  motion,  the  arms  bring  the 
hank  to  the  front  to  be  doffed,  making  room  for  a  fresh  hank.  Fitted 
on  to  the  machine  is  a  circulating  pump  which  keeps  up  the  supply 
of  caustic  soda. 

Yarn  Mercerizer. — Another  very  compact  machine  is  the  ''Yarn 
Mercerizer ",  which  may  be  used  to  deal  with  hanks  or  warps  in 
small    quantities.       It     is    double,    with    the    pairs    of    dipping    and 


Fig.  548. — Circular  Mercerizing  Machine 


Stretching  rollers  running  in  both  trays,  and  therefore  gets  through 
work  quickly.  The  arrangements  for  supply  of  liquor,  dipping,  and 
stretching  are  closely  combined  and  automatically  controlled. 

Other  hank-mercerizing  machines  are  ranges  of  various  lengths, 
with  various  mechanical  stretchers  and  automatic  appliances;  but  the 
practical  principle  of  all  is  similar.  We  believe  that  the  simpler  the 
mechanism  the  better. 

Warp-mercerizers. — Warp  may  be  mercerized  in  the  chain  or  on 
the  beam.  The  latter  method  is  the  more  expeditious,  and  gives  very 
good  results.  A  range  of  mercerizing  plant  has  been  devised  to  suit 
the  latter  method.     At  one  end  of  the  machine  brackets  for  holding 
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the  warp-yarn  beams  are  fixed  ;  at  the  other  end 
is  the  loom  beam.  Midway  the  baths,  nip  rollers 
for  stretching,  and  the  drying  cylinders  in  suc- 
cession follow  one  another.  The  warp  is  run  in 
open  order  through  the  mercerizing  baths,  thence 
in  between  the  nip  rollers,  which  are  adjusted  to 
the  needed  tension,  thence  into  the  washing  tanks, 
up  through  the  squeezing  rollers,  and  on  to  the 
steam-heated  drying  cylinders,  from  which  the 
warp  is  wound  on  to  the  loom  beam. 

Cloth -mercerizing  Plants. — Each  one  of  the 
leading  makers  of  textile  machinery  has  a  mer- 
cerizing plant,  which,  of  course,  is  advertised  as 
better  than  any  other.  From  the  user's  point  of 
view  there  is  very  little  to  choose  between  one 
and  another.  This  is  quite  as  it  should  be. 
Skilled  in  mechanics,  acquainted  with  the  quali- 
ties and  varieties  of  textiles,  and  enterprising  to 
almost  the  verge  of  adventure,  our  machinists  pro- 
duce work  of  high  excellence,  and  constantly  aim 
at  improvement.  The  general  structure  of  all 
those  plants  is  similar,  the  differences  and  special- 
ities being  merely  in  small  details.  We  always 
have  these  three  sections:  i,  the  mercerizing  ma- 
chine, which  is  generally  a  padding  machine  of 
one  model  or  another;  2,  the  stentering  or  stretch- 
ing machine,  fitted  with  the  means  of  washing, 
either  on  the  stretcher  or  in  cisterns  immediately 
adjoining;  3,  souring  and  washing  cisterns,  with 
squeezers  or  driers,  or  both. 

A  Mercerizing  Range. — A  typical  mercerizing 
range  is  operated  and  constructed  as  follows.  At 
the  fore  end,  where  the  cloths  enter,  there  is  a 
double  padding  machine,  each  division  of  which 
is  charged  with  caustic  soda  lye,  of  the  required 
strength  and  temperature.  Squeezing  bowls  are 
fixed  over  both  baths.  As  the  cloth  emerges  from 
the  first  it  is  squeezed,  and  then  is  passed  through 
the  second,  the  squeezing  bowls  of  the  latter 
relieving  it  from  the  superfluous  lye. 
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r'ext  is  the  stentering  machine,  which  may  either  be  fitted  below 
with  a  slanting  trough  and  spraying  apparatus  above,  or  a  plain  flat 
machine.  The  cloth  is  automatically  caught  in  the  clips  or  pins,  on 
the  sides  of  the  stenter  rails,  and  gradually  stretched  to  its  normal  width 
by  the  force  of  the  frame  which  is  adjusted  to  the  width  of  the  cloth. 

Fully  stretched,  the  cloth  is  then  passed  through  rollers  on  to  the 
range  of  washing  and  souring  cisterns.  Five  cisterns  are  commonly 
supplied  for  the  range.  If  the  mercerizer  does  not  believe  in  souring, 
he  may  do  with  fewer;  if  souring  is  employed,  the  first  of  the  cisterns 
is  full  with  lukewarm  water;  and  when  emerging  from  this,  which  is 
well  equipped  with  dipping  rollers,  the  cloth  is  passed  into  the  adjoin- 
ing souring  hath.  Squeezed  firmly  as  it  comes  out  of  the  sourer,  the 
cloth  is  then  run  through  another  pair  of  washing  baths.  At  the  top 
of  the  last  cistern  a  specially  heavy  squeezing  set  of  rolls  sits,  and  in 
these  the  cloth  is  pressed  free  of  water. 

The  last  division  of  the  machine  is  the  drying  apparatus,  and  the 
most  common  form  of  it  is  a  series  of  steam-heated  or  gas-heated  cylin- 
ders. In  action,  those  cylinders  add  to  the  lustre  of  the  cloth,  and  de- 
liver it  on  to  the  beam  again  lustrous,  clean,  and  thoroughly  mercerized. 

Smaller  Mercerizing  Machines. — Where,  for  reasons  of  space,  or 
because  the  production  is  not  large  enough  to  justify  the  installation  of 
a  large  plant,  a  short  and  compact  machine  may  be  employed,  which, 
instead  of  occupying  120  ft.,  as  does  the  mercerizing  range,  may  be 
placed  in  a  space  of  a  few  feet  square.  There  are  several  makes  of 
this  model,  the  main  feature  of  which  is  the  work  of  stretching  imposed 
on  the  nip  rollers.  Otherwise  the  machine  is  little  more  than  a  kind 
of  double  scourer  —  two  troughs,  with  dipping  rollers,  being  placed 
one  above  the  other.  When  the  cloth  has  been  dipped  in  the  lye  of 
the  upper  trough,  the  lye  is  let  run  into  the  trough  below,  and  the 
cloth  dipped  through  it.  Meanwhile  the  upper  trough  has  been  filled 
with  washing  water,  and  the  cloths  are  again  passed  through  it, 
sprinklers  attached  to  the  machine  being  also  brought  into  play. 

Sometimes  this  small  machine  only  serves  to  mercerize,  while  other 
machines,  of  the  ordinary  kind,  such  as  stenters  and  washers,  supple- 
ment it.  The  sole  advantage  of  such  an  arrangement  over  the  full 
mercerizing  plant  is,  that  the  machines  can  be  utilized  for  other  pur- 
poses when  not  required  for  mercerizing. 

Finishing.  —  Mercerized  cloths  are  finished,  printed,  or  dyed  by 
practically  the  same  machines  and  processes  as  ordinary  cloths,  and 
■\ve  therefore  consider  them  along  with  the  rest. 
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